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PREFACE. 



The main object of this Treatise on the link and Slide Valve, 
is to x)^ace in the hands of the Mechanical Engineer and Dranghts- 
mon^ a simple method for determining the proportions suitable to 
any Ljink Motion, without the assistance of an expensive and cum- 
brous model, or the delays incident to its manipulation. 

Secondarily, to supply the Student of Steam Engineering with 
a comprehensive view of those causes which 'regulate both the 
form and dimension of the cylinder, slide valve and eccentric. 
This portion of the work has grown incidentally out of the first ; 
for as the link merely combines the action of the two eccentrics, it 
was obviously necessary that the functions of one of these should 
be cleariy understood before an attempt was made to develop 
the laws of their joint action. It is hoped, however, that these 
Parts L and 11. will not prove entirely devoid of interest to the 
skilled designer, but that they will at least receive a hasty survey, 
for the sake of the light they throw on the general subject through 
the medium of Part III. 

We are aware, tliat most Engineers consider the use of a model 
tis absolutely indispensable to the proper adjustment of a Link 
Motion, and that they are wont to look with skepticism upon all 
efforts made to solve the problem by other means. So far as these 
feelings are entertained against an algebraic or trigonometric 
solution they rest on a linn foundation and receive our hearty 
approval ; for we have been led to believe from careful investigation 
that it is utterly impossible to construct for this case a formula of 
any practical value, since the question involves from sixteen to 
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twenty variable quantities, tho mujority of which exert a controlling 
influence on the motion and many introduce irregularities quite 
Ixjyond the powers of algebraic expression. 

But at the very point where such analysis fails, geometric con- 
struction tenders its most eflBcient aid and furnishes a simple 
solution of this abstruse problem. The method of investigation has 
been copiously illustrated with cuts — Part IV — showing the link 
template drawn in all of its important positions. These have been 
considered of greater importance for a clear understanding of the 
subject than the employment of a more diflPuse explanation. They 
are however apt to produce at first sight an erroneous impression 
regarding the conciseness of the method, but this will always be 
corrected by a single construction trial, which at once reveals how 
S7)iall an amount of work is actually required for accomplishing the 
object in view. 

The Table of crank angles for different locations of the piston 
cannot fail to effect a great saving of time, for it enables the 
designer to instantly locate the eccentrics for any piston position, 
without resort to laborious construction. 

Besides treating of the various methods by which a link should 
be suspended for accomplishing certain results, the manner of 
attaching the eccentric rods has been carefully examined and 
diagrams presented that show what form should be adopted for 
meeting most directly the requirements of an accurate adjustment. 

A brief discussion of the subject of independent cut-offs will be 
found in Part V., together with general remarks on Friction, Cleai*- 
ance, Travel, &c. 

We have added an Appendix for the benefit of those who desiix? 
a mathematical investigation of the subject of crank and piston 
motion and who would fain inquire more minutely into the princi- 
ples involved in the Stroke Table. This has pui-posely been 
separated from the body of the work, which we have aimed as far 
as possible to preserve free from all algebraic formulae, in order to 
render it more acceptable to the majority of mechanics. 

We trust that these will appreciate the peculiar directness of the 
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solaiions effected by the Travel Scale, in tiiat it determines im- 
mediately the very dimensions desii-ed, without taxing the investi- 
gator's patience by leading him througli intricate constructions tc» 
an uncertain result. 

The work is now presented to the Engineering community, 
not without consciousness of its imperfections, yet with the Iiojk- 
that it will tend to simplify in many minds the subject of eccentric 
and link motion and serve as a stepping-stone to further discoveries. 

W. S. A. 

Nsw TOBK. March, 1860. 



PREFACE TO THE SIXTH EDITION. 

The Author desires to express his gratitude to the ProfeiEsion 
for their very cordial reception of his Work, as well as to the several 
Faculties who have already adopted it, as a text-book in tlicir 
Colleges. 

He has endeavored to eliminate from the present Edition all 
typographical errors, and otherwise to render it, as far as possible, 
worthy of regard as a Standard Work in its Department 

Nbw Yooe, Ma/reh, 1875. 



/ 



CONTENTS. 



PART I. 

Ths Slide Valve — ^ELESiENTABT Principlbs and General Pbo- 

POBTI0N8 11 



PART II. 

Qkkbbal Proportions Modified by Crank and Piston Connec- 
tion 53 



PART III. 
Adjustable Eccentrics 73 



PART IV 

LiNB Motions •••89 



PART V 

Independent Cut-Off, Clearance, Etc. •••••• 147 



APPENDIX. 

Formula Relating to Crank and Piston Motions . . .161 



TRAVEL SCALE. 

ATTACnSD TO THE BACK CoVER 



. • 



\ 



PART I. 



THE SLIDE VALVE. 



ELEMENTARY PRIIfCIPLES 



AITD 



GENERAL PROPORTIONS 



POWER AND WORK. 



The fundamental query in designing a steam-engine 
has reference to the power required to accomplish a given 
amount of work. 

The term worlCy when employed in a mathematical 
sense, signifies the continuous overcoming of an oflTered 
resistance along a definite path. 

The quantity of work is the product of that resist- 
ance into the space passed over. 

As the standards of weight and distance differ through- 
out the world, the expressions for quantity of work also 
differ. With the English standard of pounds avoirdupois 
and feet, the quantity of work is said to consist of a certain 
number ot foot-pounds. But with the French standard 
of weight, the kilogramme (=2.20462 lbs. avoirdupois) and 
of distance, the mdtre (=3.28089 ft.), the expression becomes 
a certain number of TciLogramTmtres. 

Thus the quantity of work expended in raising a weight 
of 300 lbs. through a vertical height of 10 ft. =3,000 ft. -lbs. 
and that of elevating a weight of 50 kilogrammes to a height 
of 20 metres =1,000 kilogrammetres. The quantity of 
work performed by the steam in the cylinder of an engine, 
(Kiuals the mean effective pressure exerted upon the entire 
area of the piston multiplied by the space passed over in a 
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given time. The interval of time usually taken is one miU' 
nte ; hence, if the distance traveled by the piston during a 
single revolution of the crank be multiplied by the number 
of revolutions made per minute, their product will equal 
the required space. 

Supi)ose, for instance, the mean eflfective pressure on 
each square inch of a piston, having an area of 1,500 sq. 
ins., is 60 lbs.; then the total pressure avUI be 1,500x60 
=90,000 lbs., and if the crank makes 40 revolutions per 
minute, with a piston stroke of 3 ft., the speed of the piston 
becomes 3 ft. x 2 x 40=240 ft. per minute ; consequently the 
quantity of work =90,000 lbs. x240 ft. =21,600,000 ft. -lbs. 



I.~HORSE POWEE. 

A force capable of raising a weight of 33,000 lbs. one foot 
high in one minute is termed a Horse power. 

The expression originated at the time of the discovery 
of the steam-engine from the necessity which then arose for 
comparing its powers with those of the prevailing motor. 
In its early history this unit had three prefixes — Nominal, 
Indicated, and Actual — derived from the various methods 
of estimating the power. The nominal horse power was 
based on the general practice of the age, which dealt with 
low pressures and slow piston speeds. These quantities 
have of late years been greatly increased and the old 
formula in consequence, grown of less and less importance 
as a true expression of relative capacity. 

Indicated horse power designates the total unbalanced 
power of an engine employed in overcoming the combined 
resistances of friction and the load. Hence it equals the 
quantity of work performed by the steam in one minute, 
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divided by 33,000. Thus, in the above example, the indi- 
cated horse power equals 

21,600,000 ^^^-^^ 
^=S;s^- = 11)7,200 

^'"^^ -664 HP 

The mean effective pressure can alone be determined by 
means of an instrument called the Indicator. 

The Actual or net horse power, expresses the total avail- 
able power of an engine, hence it equals the indicated horse 
power less an amount expended in overcoming the friction. 
The latter has two components, viz : the power required to 
run the engine, detached from its load, at the normal speed, 
and that required when it is connected with its load. It is 
customary in designing massive engines — ^in the absence 
of reliable data — to estimate the loss of available pressure 
by the unloaded friction at 2 lbs. per square inch, and sub- 
sequently to deduct 7J per cent, for the friction of the 
load. Thus, if the mean pressure of the steam within the 

cylmder =60 '^X' 

2 
It becomes 58 after allowing for unloaded friction, 58 

And 7^ % of this for the friction of the load = 4.4 

Gives a net pressure of 53.6 



l\n. 



But for small engines of the ordinary design the total loss 
by friction will, in many instances, amount to 15 or 20 % of 
the mean pressure. 

Thus, if the mean pressure =60 lbs. 

15 ^ of 60 = total loss by friction = _9 

Gives an available pressure of. 51 

The French apply the term I^orce de cAeval to a 
I)ower capable of raising 4,500 kilogrammes 1 metre high 
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itt 1 minute. Redncing these quantities to their equiv* 
lents in pounds and feet and multiplying together, wo fi 
that their horse-power equals a force capable of raising* 
32,540 Ibg. 1 foot high in a minute, which is about ^\ Ipbs 
than the English unit of measui-e. 

The following Table furnishes the Force de chevjil 
equivalents of horse powers ranging between 10 and 100: 



H«.P«Hr. 


Foind.ch.nL 


Ho..Pm«. 


Fonc d. di.v.L 


lo 


10.14 


60 


C0.83 


IS 


15.10 


'S 


65-89 




20.28 


70 


70.97 


»5 


25-34 


2' 


76-03 


30 


30.41 


80 




35 


35.48 


8s 


86. ,7 


40 


40.55 


90 


91-35 


45 


45.63 


95 


96-31 


5° 


50.69 




10. .3856 


SS 


55-75 







For jKtwers greater than 100, and less than 1,000, mil 
ply theso t?rm3 by 10; or, if in excess of 1,000, niultipi 
bv 100. 



1 1. -ME AX EFFECTIVE PRESSURE. 

The character of the connections between the boiler and 
steam cylinder, their length, degree of protection, number 
of bands, shape of valves, etc., must all be considei-ed in 
forming an estimate of the initial steam pressure iu the cyl- 
inder ; while the mean effective pressure will depend upon 
the point of cut-off of the steam, and the freedom with 
wliich it exhausts. 

The exact portion of the stroke that should be completed 
b^'fore this closure or cut-off takes place is a vexed question 
among engineers, and its discussion is foreign to the object 
of this Treatise, in which— with the exception of noting c 



HEAN EFFECTIVE PBE880RE. 



15 



tain limits prescribed by different val™ motions— it will be 
conffldered as predetermined. 

Having chosen a point of cat-off, and having eetimated 
the initial pressure of the steam for a given boiler pres8urt>, 
the question of mean pressure exerted hy the steam through- 
out the piston's stroke, can be approximately solved by 
the subjoined Thifc, w^hich has been computed in the oidi- 



Mean Pressure, Volume, and Temperature Table. 
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gor 
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J or 


ZVf. 
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0J3J 


tf-375 


03 


O.Qtlo 


OMO 


0.73 




LU. 






Ltr. 








260 


76s 


1 1.9 


14.9 


16.9 


18.4 


.8.7 


19-3 


35 


26, 


677 


'+■9 


18.6 


21.3 


23- 


^ii 


24.1 


30 


274 


608 


17.9 


^3-3 


25.4 


27.6 


28. 


28.9 


35 


281 


552 


ao.9 


26. 


29.6 


32-1 


32.7 


33-7 


40 


287 


506 


239 


29.7 


339 


36.8 


37-3 


38.S 


4S 


293 


467 


26.8 


33-4 


38.1 


41-3 


42. 


43-4 


S"> 


298 


434 


29.8 


37-1 


4^-3 


45-9 


46.7 


48.2 


SS 


303 


406 


32.8 


40.8 


46.6 


50- 5 


5'.3 


S3- 


60 


308 


381 


3S.3 


44- S 


50.8 


5S-> 


56. 


57.8 


H 


3'2 


3S9 


33-8 


48-2 


55- 


59-7 


60.7 


62.6 


70 


3IS 


340 


41.7 


52- 


59-3 


64-3 


«S-3 


67.5 


75 


320 


323 


44-7 


SS-7 


635 


C8.9 


69.9 


72-3 


So 


324 


307 


47-7 


59-4 


67.7 


73-5 


74.6 


77-' 


85 


328 


293 


SO- 7 


63-1 


71,9 


78.1 


79-3 


81.9 


90 


33' 


381 


53-7 


66.8 


7fi.2 


S2.7 


84. 


86,7 


95 


335 


=69 


56-7 


70- S 


80.4 


87-3 


88.7 


91.6 


100 


338 


259 


59.7 


74-2 


84.6 


91.9 


933 


96.4 


■°S 


34' 


249 


62.6 


77-9 


S8.9 


9^-5 


97.9 


lOI.I 




344 


^39 


65.6 


81.6 


93-1 


IDI.I 


101.6 


105.9 


•>S 


347 


231 


63.6 


85-3 


97-4 


105.6 


106.3 


1 10.8 


120 


35= 


233 


71.6 


89. 


loi.C 


110.2 


1 10.9 


iiS-6 


"5 


353 


2l6 


74-6 


92.7 


no^ 


„4.S 


.iS-6 


120.S 


■3» 


356 


309 


77.6 


96.4 




"9.4 


120.3 


"5-3 


'35 


358 


203 


80.6 


100. 1 


114.2 


■ 14. 


125. 


130. 1 


140 


360 


197 


83-S 


103.8 


118.5 


128.6 


130.6 


134.9 


'45 


363 


191 


86.5 


I07-5 


122-7 


'33-2 


I3S-3 


139-7 


ISO 


365 


186 


89.5 


111.2 


126.9 


'37.8 


140. 


144-5 


Coin 


-- — ■ 


30 


3-7 


4.2 


4.6 


4-7 


4-8 



34-6 
39-6 
44-5 
49- S ■ 
S4-4 
S9-4 
64-3. 
69-3 : 



128.7 , 

138.6: 
143-5 ■ 
148.5 , 
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MEAN EFFECTIVE PRE88UBE. 



nary manner with the aid of logarithms (Naperian Bage). 
The first colunm is given for pressures above that of the 
atmosphere, or the same as registered by an ordinary 
steam-gauge. The second and third, for temperature and 
volume, are taken fix)m Mons. Regnault's Experiments 
on Saturated Steam. In the estimate for volume, that of 
the water producing the steam was considered equal to 
Unity. The Table makes no allowance for clearance. 

If from the mean pressure we subtract the mean value 
of the back pressure, or that which may arise from imper- 
fections in the exhaust, which is usually taken for low- 
pressure engines at from 1 to 2 lbs. per square inch, the 
resulting pressure will be the mean effective pressure (in 
pounds) exerted on each square inch of the piston and may 
be represented by the letter P. 

For high-pressure engines (having an ordinary slide 
valve) a more exact determination of the mean effective 
pressure may be secured from the subjoined table, which 
embodies the results of 50 experiments made by Mr. Gooch, 
in 1851, with the locomotive "Great Britain," whose boiler 
pressure varied from 60 to 150 lbs. per square inch. 



Mean Effective Pressures incident to a Simple Slide- Valve Motiofi for 

various Cut-offs, 



Cut-Ofr at— 


Mean Pressure. 
(Boiler press. = i.cx).)l 


Cut-Off at— 


Mean Pressiire. 
(Boiler press. = i.oo.) 


O.I 


0.15 


0.45 


0.62 


O.I2S-^ 


0.2 


0.5 =i 


0.67 


0.15 


0.24 


0.55 


0.72 


0-175 


0.28 


0.625 = 1 


0.79 


0.2 


0.32 


0.666 — ^ 


0.82 


0-25 =1 


0.4 


0.7 


0.85 


0-3 


0.46 


0.75 =1 


0.89 


o-333=i 


o.S =^ 


0.8 


0.93 


0.375=1 


0.55 


0.875 = 2 


0.98 


0.4 


0.57 


• • • • 


• • • 
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EXAMPLE. 

. j Boiler pressure = 70 lbs, per sq. in. 
( Steam cut off at | of the stroke. 
Hequired. —The mean eflfective pressure P ? 

We learn from the table that this pressure for a cut-off 
of f the stroke is 0.82 of the boiler pressure. 

Then 70x0.82 = 57.4, or 
The mean effective pressure P = 67.4 lbs. per sq. in. 



III-SPEED OF PISTOJSr. 

The speed S, or number of feet travelled by the piston 
in one minute, like the subject of cut-off, rests with the 
judgment of the individual designer. Nothing more will 
be attempted in this connection than the presentation of 
quantities most frequently found in ordinary practice : 

Small stationary engines from 170 to 230 ft. per min. 

Large stationary engines 250 to 300 *' 

(Rarely as high as 350 ft.) 

River and Sound steamer engines 350 to 500 " 

Marine engines 250 to 600 " 

The Corliss stationary engine 400 to 500 " 

(Usually 50 revolutions.) 

Locomotive engines about 600 " 

(Occasionally 700 or 800 ft.) 

The Allen engine 600 to 800 " 

(Generally the former speed.) 

It is interesting to note that a fine specimen of the latter 
2 
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form of engine was operated successfully by Mr. Charles T. 
Porter, during the late "Exposition Universelle,'' at the 
astonishing speed of 1,400 feet per minute. 



lY.-DIAMETER OF PISTOX. 

Having decided the questions relating to indicated horse 
power, mean available pressure P and piston speed S, aU 
the elements are at hand for determining the area of the 
piston, and consequently its diameter. 

The formula for indicated horse power, solved with ref- 
erence to such area, will read : 

. _ 33,000 X Horse power 

or. Area of piston is found by multiplying the required 
indicated horse power hy 33^000^ and dividing the pro- 
duct by speed of piston muZtiplied hy the mean available 
pressure. 

The corresponding diameter can be obtained from an 
Area Table. 

EXAMPLE. 

Suppose that the indicated horse power=100. 
Piston speed =300 ft. per minute. 
Mean avaUable pressure =21 lbs. 

Then the 

33,000x100 ^„Q 

^^^= 3oo^2ir =^^^-® ^- ^ 

Which gives a diameter of about 26 inches. 
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V.-STROKE OF PISTON. 

The general expression for the stroke of an engine (in 
feet) is, 



conversely, 



Strokes ^^^^^ ®P^^ 

2 X No. of Revolutions' 

No. of Reyolutions=.-?4?*^%?^. 

2 X Stroke 



There are many circumstances tending to limit the 
stroke of a piston. Among other considerations the diam- 
eter of a paddle-wheel influences the number of revolutions 
that can advantageously be made by the crank of a side- 
^heel steamer, and consequently determines the stroki* 
Mrhen the piston speed is chosen. Peculiarities of design 
frequently make it desirable that an engine should be nin 
at a slow speed and transmit its power through gearing. 

Again, the diameters of pulleys for shafting exert an 
influence, as when the main shaft of a shop is required to 
run at 120 revolutions per minute, then 60 revolutions for 
the crank of the engine, will allow a ratio of 2 : 1 between 
the diameter of the band wheel and shaft pulley. 

With a very rapid piston speed, the stroke of the engine 
is due more to a length imposed on the connecting rod by 
the necessities of the design, than to the number of revolu- 
tions of the crank. In the case of the locomotive, the 
stroke is generally about 24 inches, and the piston speed 
GOO feet ^r minute, while the speed of the engine whicli 
depends on its power and the diameter of its drivers, ranges 
between 20 and 60 miles per hour. 

The accompanying table has been calculated, for drivers 
of different diameters, to represent the number of revohv 
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tioaa they will make per minute, irrespective of slip, when 
the engine travels at given speeds per hour. 

Jifi'olations made by Driving Wheels of LtKomoliv^at given speeds. 
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.40. 


60. 
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140 
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rq8 






^ 




4 " 6 




124 
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373-6 
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148 
140 


177 
168 


207 
196 




S. 


354. 


5 " 3 




■i 


134 




187 








5 " e 








153 


179 


204 


-■ 




5 " 9 








146 


170 


195 




292.3 


6 " o 




J 




140 


't.3 


i»7 




280,3 








'35 


'57 


179 


224 


269. 








129 


'50 


172 


2l6 


258.6 


7 " o * 


BS 




120 


140 




200 I 


240. 



The subjoined table is applicable to stationary and 
marine engines : 

JVj. (/ Revolutions of Crank for _ Given Stroke and (approximate) 





PIsroN- SPRP,I. 


:itriAe, 


Ti 




1 






Fl, 










1 F> 




iSWfJ 
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.'^W 


;'.4y 


's!au 


iftft' 


■27(J 


■iSQ'MO 


mo 


SW'MO S50 


I ft. 6 in. 


67 


70 


7.1 75 


76 


80 


Si 


86 


90 


W 97 


loo 


106 113 116 


I " 8 '■ 


60 


6, 


66 


68 


70 


72 


75 


78 


81 


84I87 




96 100 105 


I "!□ " 


■ii 


57 






61 






71 


7'! 


76 




82 


88; 93 96: 


2 " " 


.so 


=;2 


55 


56 


57 


60 


63 


65 


07 


70 


73 


75 


So 85 1 87! 


'" Z" 


44 


47 


4<> 


50 


5' 


53 


55 


58 






6^ 


66 




3 ■' 6 " 


4C 


42 


4^ 


45 


46 


48 


50 


52 


5-1 


56 
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These dimensions, tlie stroke of piston and diameter of 
cylinder, are so constantly used in comparing engines of 
different powers, that, as far as possible, they should consist 
of whole numbers quite free from all fractions of an inch. 
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This dimension ranks next to cut-off in its controlling 
influence upon the proportions of the valve seat and face. 
It may justly be considered as a Base from which all the 
other dimensions are derived in conformity with certain 
laws. Its value depends greatly upon the manner in which 
the port is employed, whether simply for admitting the 
steam to the cylinder, or for purposes both of admission 
and exit. In cases of admission it is evident that the pres- 
snre win be sustained at substantially a constant quantity 
by the flow of steam from the boiler. But in cases of exit 
or exhaust, a limited quantity of steam, impelled by a con- 
stantly diminishing pressure, forces its way into the atmo- 
sphere with less and less velocity. If, then, the engine is 
supplied with two steam and two exhaust passages, the 
ports will be correctly proportioned when the areas of the 
latter exceed those of the former by an amount indicated 
by carefal experiment. When, however, one passage per- 
forms hoth duties, it should have an area suitable for the 
exhaust and be opened only a limited amount for the 
admission of the steam. Very excellent results have been 
found to attend the employment of an area equal to 0,04 
of that of the piston, and a steam-pipe area of 0.085 of the 
same, when the speed of the piston does not exceed li.OO ft. 
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|»er minufr, bat widely-different factors arc demanded 
higher speeds, like those peculiar to locomotives. 

Ill the year 1844 M. M. Goiiin and Le Chatclier insti- 
ttitpd a series of experiments for ascertaining the i-alue of 
such terms. These were continued about sis years later by 
Messrs, Clark, Gooch, and Bertera, upon engines of British 
nianuCacture. The various results having been collated 
and analyzed by Mr. Clark, were finally pi-eaented to tho 
public in his valuable work on "Railway Locomotives." 
From tliis it appears tliat \s-itli a piston speed of 600 ft. per 
minute, an area of 0.1 that of the piston was found to givo 
practically a perfect exhaust, a steam-pipe an?a of 0.08 ft 
fi-ee admission of steam to the chest, and a port opening of 
fi-om 0.6 to 0.9 the entire width of the port, depending (^ 
the humidity of the steam, a free admission to the cylindejL 

The following, table has been prepared for intermediate 
speeds of the piston on the assumption that for average 
lengths of pipe the area increases as the speed, and that a 
higher speed is usually attended by increased pressure ; 
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of piston. 



Having determined the area of the steam port, the next 
step will be to resolve it into its factors, lengtli and breadth. 
When a small travel of the valve is essential, the length ^ 
should be made as nearly equal to the diamet<;r of the cyl- 
inder as possible ; then the port area divided by the length, 
furnishes of course the value of the breadtli or S in F' 
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The extent to which the xaZte should open this port for the 
admission of the steam will equal from OM to 0.0 of the 
valTie of Sj and the minimum travel of the valvc^, tliat 
which with a given cut-off just opens the steam port tlu> 
amount of this limit. The Tnaxlmum travel is governed by 
expediency, the general tendency of an excess over th(^ 
TniniTnum travel is to render the events of tlio stroke more 
decisive, the cut-off takes place with greater brevity, avoid- 
ing unnecessary wire drawing of the steam and the releasi> 
opens rapidly, affording a more perfect exit. Where the 
travel is small, these good qualities should be secured by 
increasing the ti-avel, until the valve gives an opening equal 
to or even greater than the width of the steam port. With 
a large travel no such attempt should be made, since it 
would inevitably sacrifice much work in friction and cause 
a far greater loss than gain. 

EXAMPLE. 

Diameter of a certain piston =26 inches. Area =531. 
Piston speed =350 ft. per minute. 
Required. — Width of steam port, minimum Avidth of 
port opening and diameter of supply steam pipe. 
From the Tables we have : 

Sq. inches. 

Area of steam port=531 x .062=33 sq. inches. 
The length of the port=diameter of cylinder=26". 
And the width=||=1.3 inches or 1^^. 
Minimum width of port opening=0.6 xl.3=| inch. 

« Sq. incheB. 

Area of steam pipe=531 x .046=24.4 sq. inches. 
Consequently the diameter =5A inches. 

In the Corliss Engine, where the steam is admitted and 
exhausted through different valves, it is customary to give 
the steam passage an area of ^ to yV that of the piston, and 
the exhaust an area of from ^^ to yV- 
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In this connection a few remarks may appropriately be 
made with reference to the formation of the valve edge and 
the walls of the steam port. Tlie experiments of Bcientists 
like Weisbach, D'Aubnissbn and Koch, prove that the vari- 
ous phenomena of contraction in the fluid vein observed in 
the flow of ^vater are equally true for gases, the fonnuliB of 
discharge however have slightly different coefficients of 
efflux. The clmracter of the discharge will evidently vary 
with the extent of opening offered by the valve edge, from 
what is termed "discharge through a thin plate" at the 
commencement, to that through a "short tube" with the 
full opening. Fig. 1 illustrates the natural conveigence 




which takes place in the filaments of the steam vein with 
the common slide v^ve. If the edge were formed as in 
Fig. 2 the discharge would be much improved and ren- 
dered similar to that which occurs through an ordinary 
"mouthpiece." 

The curvature of the valve edge should commence for 
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enongh al)ove the rubbing surfaces to permit a limited 
amcmnt of wear without altering the proportion of the parts. 
Every effort shonld also be made to reduce the amount 
of clearance for the steam and loss of head by friction, to a 
niinimnm value. Hence the passage from the port to the 
cylinder must be conBtrncted as short as possible, be of 
uniform cross section and bend with easy curves if bending 



In the moulding of a cylinder casting, the cores for the 
steam and exhaust parages should be faced with very 
great care, in order to secure surfaces along which the 
etaaai will flow with perfect freedom. 
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Til essaying the study of an intricate subject like the 
r(»lative motions of the piston and the ordinary slide valve 
of a stc»am engine, it is of the utmost importance to first 
ilivost the parts of all the complicating influences which 
arise from special constructions and present them in such 
simple and elementary forms, that the discovery of the fun- 
daniental laws governing their motions may be facilitated. 
If these an> clearly. defined, the deduction of others adapted 
to special oases will subsequently be accomplished with 
(Mmiparative ease. 

The entire series of events which take place within the 

cylinder of an engine, occur when the piston has reached 

dt^fiuito positions in its complete stroke. It follows (sinc^ 
tlunv is in pnwtioo no fixtnl limit to the stroke) that an iu- 

tinito number of such positions may be occupied, and in 
order to express them by a standard which shall apply 
tHlually to all oases, a unit scale must be adopted. The 
stroke of all pistons therefore will be re^surded throughout 
this Tret\tiso as equal to Cnitj/^ and their positions at cer- 
tain important periods, as decimal jx^rtions of the entire 
stn^ke. 

If a movable point is caused to travel around a fixed 
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one, in the same plane, at a constant distance there&om, it 
wUl d^cribe a curved line called a circle. For the pur- 
pose of locating any position in the path of the movablo 
point, the circle has from remote ages — ^though not wisely — 
been divided into 360 equal parts called degrees (360°), each 
degree into 60 minutes and each minute into 60 seconds. 

While the piston of an en^e performs a single stroke, 
the crank-pin makes a semi-revolution (180°) about the 
centre of the main shaft, each position of the former conse- 
quently corresponds with some angular position of the 
crank-arm, and if these angles are arranged in a Table we 
can instantly determine therefrom the number of degrees 
over which the pin must pass in order to bring the piston 
to any deared position. 
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Since the "slotted cross-head" shown in Fig, 3 is the 
only fonn of connection between the crank-pin and piston, 
in which the piston moves from one extremity of the stroke^ 
to the other at the same speed as the crank-pin — ^measured 
on the stroke line — ^it will answer our purpose for deter- 
mining the fundamental principles of the piston and valve 
motions. The arrangement of the parts are clearly shown 
in the Figure, The crank-pin is surrounded by blocks BB, 
these slide freely up and down the solid frame FH to which 
the piston-rod is welded, so that while the crank-pin ad- 
vances from D to G the block mounts towards F, returns as 
it approaches E and descends towards H on the return 
stroke ED. For convenience, the cylinder will always be 
regarded as lying on the right-hand side of the main shaft 
and the point of the crank-pin circle nearest to the cylinder 
as the zero or starting point of the forward stroke. 

TABLE A. 



Piston Position. Crank Angle 



O.I 

0.125 

0.15 

0.175 
0.2 

0.225 

0.25 : 

0.275 

0.325 

0.333 

0.35 

0.375^ 
0.4 

0.425 

0-437^ 

0.45 

0.475 

0.5 -- 

0.525 

0.55 



1 



1 



. 1 
3 



1 b' 



1 



Deg. 

45 g 
49 J 
53l 
56i 
60 

63 i 
66| 

701 

751 
78 i 

2.2I 
84 1 

87i 
90 

92I 
95 1 



Piston Position. ! Crank Angle., 



'I 



0.5625 

0.575 
0.6 

0.625 

0.65 

0.666 : 

0.68 

0.687 : 

0.69 

0.7 
0.71 

0.72 

0.73 
0.74 

0.75 = 
0.76 

0.77 
0.78 

0.79 

0.8 

0.81 



J) 
J 6 






1 1 

re 



3 
4 



Deg. 
97ff 



01 



I 



J, 

04 i 
07] 

09i 



9 



II 
12 

"I 
131 
14I 

17I 

i8i 



3 



20 

21 



22| 

24 \ 

25 i 
26', 

28- 



Piston Position. 



0813 

0.82 

0.83 

0.84 

0.85 

0.86 

0.87 

0.875: 

0.88 

0.89 

0.9 

0.91 

0.92 

0.93 

0.94 

0.95 
0.96 

0.97 

0.98 

0.99 

I.OO 



1 3 
1« 






Crank Angle. 



Deg. 
I28g 
I29I 

I3I.T 
132^ 
I34I 
136^ 

ml 

1383 

139* 
1411 

i43g 
i45g 
1475 
149I 
151I 
154J 
156I 
i6oi 

163? 
168A 
i8o~ 
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The forgoing Table furnishes anguhir positions of the 
crank-arm correspondmg with the various points in the 
stroke which may at times be occupied by the piston. 

To illustrate its application, suppose for — 

EXAMPLE. 

The stroke of a certain piston =36 inches. 

Query. — How many degrees will the crank have passed 
over when the piston reaches points respectively 9'' and 
23|" distant from the commencement of its stroke ? 

6 )9.00 
1st. 5^=6)1.50=0.25 of the sti-oke. 

^^ 0:25 

2d. ^3.J^^oMQ of the stroke. 

£>D 00 

Then by the Table : 

0.25 of the 8troke=an angular passage of 60°. 

0.65 " = " " 107i° 

The required angles. 



Again : Suppose the stroke of a piston=36", and that 
the crank has passed over 112=. How far will the piston 
liave advanced ? 

The Table gives for 112= a piston position of 0.687 of the 

stroke. 

Therefore 0.687 x 36" =24|" the distance advanced by 
the piston while the crank has advanced 112 degrees. 



There is securely fastened to the crank shaft a device 
called an "eccentric," which serves to impart a recipro- 
cating motion to the sUde valve. ^V^^ ^^^ ^^specUoii it 
appears that this is only a mecbanical subterruge t^^ ^ 

small cranJc. 

The travel of any valve being smaW compared v^tV^ ^^^ 
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of its piston, the crank required for its motion has fre- 
quently an ann or '^ikrow^' c b shorter than one-half the 
diameter a ^ of the main shaft. Pig. 4. Hence to avoid ent- 




ting the shaft and the expense of forming the crank c b, 
pin m, n, and enclosing strap of the rod are greatly i 
larged until they attain the common diameter M N, tho 
former may then be slipped on, and keyed fast to the shalt 
a c. Of course the motion will not be altered ty this 
change, but the same reason that led to the adoption of the 
slotted cross head for tracing tlie piston's progress, now 
compels us to substitute a small slotted cross head and rod 
for the eccentric rod. In the sequel therefore both the 
ci-ank pin and the eccentric pin (or centre of eccentric) will 
be considered as transmitting their motions through slotted 
cross-heads to the piston and the valve. {See Fig. 5.) 

The axes of the cylinder and of the valve stem do not 
always pass through the centre of the main shaft. When 
that of the latter lies above and parallel to the fonuer, a» 
shown in the figure, some expedient must be adopted for 
carrying the motion of the eccentric pin up from the point 
g in the central plane of the engme to e in that of the valve. 
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This is frequently accomplished by aid of a bar qde i-aUt-d 
a " rocker" free to oscillate on iti* iirmly supportod nxin li. 
The direction of the motion then becomes the reverse of thaf 
produced by the eccentric pin and if the pins q and e an- 
made to operate in vertical slots no irregularity will Iw 
int3X>dnced by this arrangement. 

Having explained tlie general features of these control- 
lers of motion, the crank and the eccentric, and havuig 
resolved them into their elementary forma, we pass to con- 
eider the parts moved and seek the law of their proportions. 
The plain slide valve of a steam-engine is a device by 
which the entrance and exit of the steam is regulatfd for 
the opposite ends of the cylinder. It is essentially a casti 
A, resting on a plane sur&ce c c as seen in cross section in 
Pigs. 5 and 11. Through this surface are cut three passages 
S', S", and E, separated by the partition walls B, B, called 
"bridges.'" The two former lead to the opposite extremi- 
ties of the cylinder, and the jiassage E called the "er- 
haust'"' leads through an oval pipe to the atmosphere. 
Ttfi valve A is sufficiently large to cover both the passages 
S', S", when standing in its neutral position, A second 
•^p D, D, called the "steam c/iest,^'' encloses the valve A 
aJid is secured rigidly to the plane surface c c. Being 
larger than t!ie valve it leaves over it much unoccupied 
8pacH to which the only entrance is through the aperture F. 
fhis space is the "reception room" — so to speak — of the 
•cylinder ; to it, the steam is admitted from the boiler through 
I*" and kept in waiting during such times, as the valve in its ^ 
motion completely covers the two ports. 

Figure 5 represants tlie crank -pin at the zei-o point of ita J 
path, the piston at the extremity H of its stroke, the valvo 1 
h the neutral position and all the parts ready for motion, f 
-V complete r.-volution of the crank will cari-y the piston | 
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forward to K and return it to the starting point H. "\V 
ever events take place in the joarney from H to K ehod 
be repeated in the same order on the return route from 
(o H, hence in studying tlie motion we will seek to r 
it perfect for the trip from II to K and leave the parts v 
the latter point is reached in the same relative positiong" 
tlioae occupied for H, bo that the one wiU become simplj 
counterpart of the other. The iirat point evident, ia 1 
the port S' must be opened and again closed for tJie pre 
juimission of the steam during the stroke of the piston f 
H to K ; in other words, while the piston is making < 
entire stroke the valve must accomplish a half and a rett 
half of its stroke. Such an operation can only be brouj 
about by securing the eccentric pin in the position/ or 6j 
a luie at right angles to the crank-arm, that of/ being b 
ab'e for a direction of the crank indicated by the arrow. \ 
Let us trace the two motions throughout one revolnij 
of the crank. Moving it from the zero to the 90^ point v 
tlraw the piston from the position H to the half stroke or 
the line c", e", will advance the eccentric pin from/ to >!', 
the rocker fi-om e y to c* q\ the centre of the valve from V 
to V" and completely open the port S'. As the crank pro- 
gresses fi-om 90" to 180° the eccentric pin will travel from Jc 
towards 6, gradually closing the port S' and completely 
covering It when the 180° point is reached, thus leaving the 
valve in the same position at the terminus of the stroke that 
it occupied at the commencement. On the retnm stroke 
fi-om K to n the port S" wlU in like manner be opened and 
again closed. In thus hastily following the two entrances 
of tlie steam to the cylinder, we have lost sight of its mode 
of escape after performing the work of forcing along the 
Iiiston. Let us suppose that one revolution has been com- 
pleted and the piston is prepared for a second journey faan 
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the position H. The space J is now filled witli steam and 
somn passage ol escape must be opened. This is provided 
in the port and pipe E, which are thrown into immediate 
communication with the passage S" when the valve com- 
mences its motion, the opening becoming wider and wider 
as the travel progresses, only closing when the piston 
reaches the point K and is ready to receive freah atcam 
through the passage S" for the return stroke. 

Such is a brief outline of the parts and functions of the 
simplest fonn of slide valve, in which the steam is admitted 
at the commencement of the piston's stroke and not ex- 
eluded until that stroke is completed. 

This arrangement, however, is not attended with econo- 
mic results, for it entirely ignores tliat remarltable property 
of steam, its elasticity. To render this latent jxiwer availa- 
ble, the steam sliould be admitted during only a portion of 
the piston stroke, the valve should thun be closed iind the 
confined volume of steam allowed to complete the remain- 
ing portion, by developing its power of expaneion. 

But how can onr elementaiy fonn of valve and position 
of eccentric be modified for attaining this desirable resxdt I 

Suppose a cut-off were required at a piston position of 
0.93 of tlio stroke. By carrying the crank to the 150^ posi- 
tion (as m Fig. 0) we observe that the port S remains 
opened a distance I and the most ready means for effecting 
its closure is to lengthen the valve face by this amount. 
Since the cnt^ofT must take place at relatively the same 
piston position in both strokes, an equal addition must be 
made to the other edge of the valve. Such additions to the 
outer edges of the valve, for the purposes of cut-off, are 
called overlap or simply "lap." The extent of this lap in 
the present case is evidently equal to the horizontal dis- 
tance of the eccentric's centre/" from the 00° line, because • 
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without lai) it would naturally close at this line. The samr'^ 
distance expresi^ed in degrees would be equivalent to a-^^^ 
" Jap angle" of 30°. 

But on referring to Fig. 6 it is clear that no such addi- 
tion can bs made without necessitating a change also in the 
eccentric location, for it would render the admission 30'' too 
fate. Hence if we add a laj) to the valve equivalent to an 
i,'cc2ntric motion of 30^ from its neutral position, we must at 
the same time unkey the eccentric, and liaving advanced it 
also 30° refasten it on the main shaft. The number of dc- 
V^rees by which the eccentric is thus carried forward li'om a 
position at right angles to the crank-arm is termed the 
"■angular advance'''' of the eccentric. 

\Vhen the eccentric stands at right angles to the cmnk 
tlia exhaust closes and release commences at the extremi- 
ties of the stroke, consequently if the eccentric be moved 
ahead 30° not only will the cut-off take place 30^ earlier, or 
at a crank angle of 120" instead of 150°, but the release as 
whU as the exhaust will take platie 30" earlier or at the ISC 
rrank angle. AUhough we have not secured by this pro- 
i;oss the cnt-off aimed at, yet the investigation distinctly 
points ont the means at our command for the accomplish- 
ment of any cut-off and will enable us to construct a Scale 
for determining the ma^itudes of such alterations. For a 
cut-ofTof 140° there would be required an angular advance 
of 20° and a lap equivalent to the distance these di^grees 
ivniove tlie eccentric centre from tlie line at right angles to 
tlie ci-ank ; for a cut-off of 160^. an advance of 10° with a 
cx)rre8ponding lap, and so on ; the exhaust closure taking 
])laci> respectively at the 160° and 170° crank angles. 

Tills closnre of the exhaust confines the steam in the ryl- 
inder until tlie port is again opened for the return stroke ; 
iionsequcntly the piston in its progress will meet with in- 




-■' fa/- 
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crenaing resistance from the steam which it thus compresBt-s 1 
into a less and less volume. Such oppositJon when prop- 1 
crly proportioned aids in overcoming the momentum stored [ 
up in the reciprocating parts and tends to biing them 
economically to a state of rest at the end <tf each stroke. 
Since the closure of one port is simultaneous with the open- 
ing of the other, a release will take place of the eteani 
which was previously impelling the piston. Within cer- I 
tain hmits this also is conducive to a perfect action of the ' 
parts, for an early release enables a greater portion of the 
steam to escape before the return stroke commences, where- 
as a release at the end of the stroke would be attended by 
a resistance of the piston's progress, from the simple fact 
that steam cannot escape instantaneously through a small 
passage, but requires a certain definite portion of time de- 
pendent on the area of the opening and the pressure. The 
larger the opening then the less the occasion for antici- 
pating the moment of exhaust. 

We learn therefore that the momenta of exhaust closure | 
and release are, when the valve has neither "inside lap''^ 
nor its converse " inside clearance," directly dependent 
apon the angular advance of the eccentric, and that an an- 
gular advance of 20' produces a closure at a crank angle 
of 160°, one of 30° at 150° and so on, the resistance becom- 
ing continually greater as the angular advances increase. 
A limit at length is reached where this resistance really 
becomes detrimental, and an amount of power is absorbed 
quite inconsistent vrith economy of action. On this account i 
the single eccentric is rarely used to effect cut-offs of less I 
than I the stroke. Earlier cut-offa require two valves and 
two eccentrics, the one set for regulating the cut-off of the 
steam, the other its admission and escape. This subject 
will be more fully discussed in Part V. 
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The principle jost developed can be embodied in a sin-' 
gle Diagram called the Travel Scale, whose conBtruction 
is iUoBtrated by Fig. 7. 
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Let E F D represent the path traversed hy the centre of 
an eccentric whose throw equals 3J inches, consequently 
the travel of its valve=7 inches. Then C P at right angles 
to D E will be the normal position of the eccentric fioiii 
which the angular advances must he laid off. Extend this 
line to some convenient point A and join the extremity 1) 
of the travel with A, Divide the line C A into 7 equal 
parts, and through these points draw lines parallel to D E 
to represent all the travels less than 7 inches. Finally pi-o- 
ject each degree of the arc D F upon the line D C and join 
the points thus found with the point A. 

The distances from the Base Line C A, at which this 
group of lines intersect the travel lines, will indicate wliat 
lap should be given to accomplish various cut-ofls, and 
their distances from the extreme travel line D A wiU give 
the width of the steam-port opening due to these ti-avels and 
eut*ofiFs. Thus for 7" travel and a cnt-ofF of 120° the eccen- 
tric must have an angular advance of 30° and the valve a 
lap equal to f C, giving thereby a port opening V D ; wliile 
a travel of 4 inches with the same cut-off only requu-es a 
lap of V C and has a port opening of Z" d}. The exhaust 
closure of course takes place in both cases at a crank angle 
of 150, or piston position of 0,93 the stroke. 

It will be observed that this Scale may be applietl with 
perfect accuracy to travels greater than 7 inches by making 
tliese lines represent their multiples ; for instance, a 4-ineh 
travel may stand for one of 8 or 12 inches ; a 6-inch travel 
for one of 13 or 18 inches, and so on. In such cases the 
values of the true lap and lead will be double or thrice 
tlioae given by the Scale. Since the same principle holds 
for travels less than 2 inches, it is clear that the Scalic 
must apply to all possible dimensions. 

A slip of paper and a pencil are the only parapJiernalia 
of the Ttanel Scale. To illustrate its use take for — 
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EXAMPLE. 

Extreme width of port opening mu8t=lj iuches and the 
valve must cut off steam at 0.82 the stroke. 

Required. — Angular advance of the eccentric, travel 
valve, lap and point of exhaust closnre. 

Table A gives for a piston position of 0.83 the stroke a 
crank angle of 130^, for this cut-off an angnlar advance of 
25" will be required (see line C D of the Travel Scale). 

Apply the edge of a slip of paper to the Inch Scale and 
mark off the desired width of the port oiiening a, b, as i 
FiQ, a 

AHGULAH AOVANCE. 

ML ^ 



4%TI>AV£L 



^. 



„r} 



Id 



Cany the same to the Travel Scale, place the mark a 
over the 90" line C A and slide the edge — parallel to the 
line C D— until the mark & stands directly over the 25° an- 
gular advance or lap-angle line. The 4| inches line of 
travel, upon which the slip of paper here stops, will be the 
(correct travel for the valve. Before removing the paper 
mark the position c of the Base line. Finally return the 
slip to the Inch Scale and measure the lap b c, which gives 
15 of an inch. The exhaust closure on one aide and release 
on the other will of course take pla«e at the 155° angle of the 
frank (see line C D) or at a piston position of about 0.95 
of the stroke. 

(Angular Advaiice=25". 
Travel of valve— 4| inches. 
T IK ■ I. 

Jjap=|§ inch. 
Exhaust closes at 0.95 of the stroke. 
The solution of such problems as the subjoined, 



BIBECTIOi; CF CBAXIT MOTION 



89 



tend to famiiiarize the Reader with tlie method of using 
this Travel Scale : 

1st. To cut off at I the stroke, with port opening of 1 J 
inches. 

Required. — Angular advance of the eccentric, travel of 
valve, lap and point of exhaust closure. 

2d. To cut off at | the stroke, with port opening uf If ins. 



3d. 


(i 


a 


\ " 


ii 


a 


a 


(( 


3 " 


4th. 


(( 


a 


0.7 " 


ii 


a 


(4 


4< 


e " 



DIRECTIOI^ OF CRAIS-K MOTION. 

The direction of any crank motion depends on two con- 
ditions — ^Ist. The presence or absence of a rocker for trans- 
mitting the motion ; 2d. The location of the angular ad- 
vance with reference to the central line of the valve motion. 
Both of these may be conveniently expressed in a single 
Diagram like the accompanying Fig. 9, in which the posi- 

FiG. 9. 




tive sign (+) represents a motion in the direction of the 
hands of a watch, the negative (-) a re^^^ "^ ' '^^ 
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produce a positive motion in any engine, whoso eccentl 
acis through a rocker, lay oflF the angular advance ftom t 
line hfin the Ist quadrant (tlie crank standing at the zeR 
but for one without a rocker, the angular advance must 1 
laid off from the same line in the 3d quadrant. ITie 4 
and 2d quadiunts in like manner belong to the negative 
motion. The reason for making such a disposition of the 
angular advance will at once appear upon tracing out 
either of these motions. 

When the power of an engine is transmitted through a 
wide belt to the machinerj', the direction of its crank mo- 
tion will be determined by the relative locations of the 
main and crank shafts. The strain should invariably be 
made to fall upon the lower portion of the belt, the upper 
bi'ing thereby relaxed, sags upon its pidleya, increases the 
Crictional surface, and nuiterially improves the adhesion of 
the belt. 



T. E ,/V B . 



This terra is applied to an alteration made in the pu 
of the valve motion for the jiurpose of concealing and e 
Iralizing an effect, due to imjierfect workmanship as we 
<iontiniial wear ui the boxes of the crank and cross 1 
pins. The difficulty may be best explained with the i 
sistance of Pig. 10. 

Suppose, for instance, both boxes of the connecting r 
A B, fit loosely upon the crank and cross-head pins, that i 
rrank moving in the dh'ection indicated by the an-ow, ] 
reached a location C A within 8 degrees of thi? zero, and t 
the piston (on account of the lost motion in the boxes i 
short of its true position B, a distance B B. If now l 
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momentom of the motor carries the crank-pin past its zero, 
the piston, which at the moment of passage is no longer 
urged or restrained by the connecting rod, will by virtu(» 



Pia 10. 




of its own momentum continue moving in the direction of 
H until all the lost motion being expended, its progress is 
suddenly checked and it is itself again brought under th(^ 
control of the connecting rod, which then draws it forward 
upon the return stroke. These concussions are reproduced 
at the end of each stroke with a degree of force and sound 
directly dependent on the extent of the lost motion and the 
momentum of the piston with its connecting rod. When? 
the parts are of great weight, as in a marine engine, the 
sound becomes very loud and the enginS is said to 
^^thump^'^ or '^pound^^ on the '^ centres. ^^ Two ways pro 
sent themselves for counteracting this effect ; the one, by 
making the boxes so durable and the workmanship so per- 
fect that lost motion becomes almost impossible ; the other, 
by introducing a resistance to the momentum of the piston 
capable of completely overcoming it before the end of th(^ 
stroke, in other words by allowing the steam to enter th(^ 
cylinder a short time previous to the termination of tlu^ 
stroke. With small engines the first method is practicabl(\ 
but in large ones both are more commonly employed bc^- 



cause ttitli these, a very email aniount of lost motion suf- 
fices to produce a disagreeable sound. 

The widtli of port opening given hy any valve at the 
moment its crank passes either centre, is called the "Zead" 
of the valve ; and the angular distance of the crank ft-om 
its zero at the instant thia opening commences, the 'Head 
anffle." 

The opening together with the angle (or time) limit the 
power of the steam in its effect upon the lost motion ; for 
even a small opening continued through a long time may 
prove as efficient for the admission as a large opening 
during a very short time. 

Since sound, the effect of lost motion, depends upon the 
weight and velocity of the reciprocating i)arts, the lead rc- 
iliiisite must vary for different engines and also for the 
same engines at different velocities. The exact amount can- 
itot be predicated in any particular case, but after the en- 
gine has been constructed it may be experimentally deter- 
mined by gradually increasing the angular advance of tlie 
eci^entric until some position is found which results in a 
smootli and noiseless movement of the reciprocating parts. 
We have before alluded to the effect of compression by a 
premature closure of the exhaust, but it must be distinctly 
undei-stood that this agency unassisted cannot neutralize 
the evils of lost motion without injuring the admission 
of tlie return stroke. In this respect it differs from lead. 
It should then usually be supplemented by lead in order 
to accomplish a smooth action of the parts and free opening 
of the steam port for the return stroke. Observe also, that 
so long as the lead angle amounts to only a few degrees no 
impression can be produced on the continuity of the crank 
motion, for the lever arm will be too small for the power to 
exert any influence over the crank. 
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The limits of the lead angle are commonly zero and 8" 
for stationary engines ; while for any given angle thi! 
width of opening will depend upon the travel of the valve 
:iiid the point of its cut-off. 

It remains to be shown that the Travel Scale is quite as 
applicable to valves having a certain lead as to those with- 
out any. Referring again to Fig. 6, imagine an increase 
in its angular advance of 5", the valve vrill then close at 
115" instead of 120° and reopen its port 5' before the crank 
i-eaches the extremity of the stroke ; hut if the lap be re- 
duced 5° when the angular advance is increased 6°, 
the cut off win still remain 120°, while the port com- 
mences to open 10° h^'ore the end of the stroke. Con- 
sequently if we wish to arrange a valve for a certain 
number of degrees lead, without altering the point of cnt- 
off, it will simply be necessary to find the angular advance 
for a valve without lead, add \ the lead angle for a neiP 
angular advance, and subtract the other \ for an angle bij 
which to measure the lap. 

If in tlie Example of Pig. 8 a lead of 8 degrees had been 
rv'quired, mth the same cut-off, the angular advance 
^ would have become 25° + 4°=29° i 
I and the lap angle 25'-4''=21'' I 
and by applying tlie port opening marks a and b to the 90"^ 
and 21° lines,— instead of the 00° and 25' lines,— we 
would liave obtained a travel of 3| inches and a lap of \\ 
incli ; while the distance behveen the angular advance line 
of 39^^ and the lap angle line of 21" would have equaled \ 
iiirh, the inidth of the lead opening at the extremity of the 
pit^ton stroke. 

The change in the angular advance of course changes 
the exhaust closure from 155° to 151° or about 0.93 of the 
piston' 8 stroke. 



Supposing then a lead angle of 8" for the sam? problei 
the answers become : — 

Angular Advance =29°. 

Lap angle =21°. 

Travel =3| inches. 

Lap ={l inch. 

Lpod =: 1 inch. 

Exhaust closes at 0.93 of the stroke. 



Similar suppositions made and applied to the other trial 
liroblenis will give all tlie practice requisite for succeseftillj 
usinji the Travel Scale. 

It seems almost unnecessary to observe that the Scalb 
effects with equal readiness and precision solutions 
directly the converse of that just accomplished. Thus, 
if the above lap, lead and travel were given, to determine* 
the exhaust closure and cut-ofF, we would mark the lap ani 
load on a strip of paper as in Pig. 12, apply the same to tlio 
'i} LEuh travel line of the scale, which would sliow at once 
an angular advance of 29^ and consequently exhaust 
closure of 0.93 the stroke; also a lap angle of 21° witlL 
lead, or SS"" without, the same as a cut-off of 130°=( 
the entire stroke. 

A moment's reflection will also show that — during the 
progress of the crank — the varying width of the port open- 
ing from the simple lead out to the maximum width and - 
back again to the period of cut-off, might readily be traced 
on the Scale, and all the information common to the popu- 
lar method of ellipse or other construction, be immediately 
obtained. But the facts thus gained, would prove of very 
frifiing moment, so long as the valve had received a correct 
maximum port opening. 
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WIDTH OF BRIDGE. 

This dimension is usnally made of equal thickness with 
the cylinder, in order to secure a perfect casting, but at 
times it becomes necessary to increase its width. The only 
danger from a narrow bridge is an overtravel of the valvi*, 
by which the exhaust passage would be placed in direct 
communication with the '*live steam" in the chest, and 
followed by continual waste of the power. Obviously this 
cannot occur while the diflTerence between the port opening 
and the steam port does not exceed the width of the bridge. 
(Fig. 11.) But to prevent even the i)ossibility of a leak- 
age :— 

Add about \of an inch to the width of the opening and 
from their sum subtrax^t the width of the steam port. 
^ Thus the width of the steam port in the example of Fig. 
8, should have been at least :— 

li + r-l"=iinch. 

When however the width of the opening is less than that 
of the steam port, the danger of such an escape entirely 
vanishes. 



WIDTH OF EXHAUST PORT. 

The main difloiculty to be avoided in proportioning the 
width of this port is the possibility of a reduction in its 
area, when the valve attains extreme travel, to an opening 
materially less than that of the steam port from which it 
derives its supply. 

Suppose that the valve in Figure 11 has reached the end 
of its half travel, or the exhaust edge V moved a distance 



48 



INSIDE LAP. 



R from its neutral position V* ; then by the above condi- 
tion, E will evidently equal (S+R— B). 
Which furnishes the following general 



RULE 



For determining width of Exhaust port. 
Add the width of the steam pcyrt to \ the travel and 
from their sum stibtract the width of the bridge. 



When called upon to i)erform the addition or subtrac- 
tion of many fractional portions of an inch, it will generally 
be found more convenient; to express these decimally than 
by those very awkward subdivisions sixty-fourths, thirty- 
seconds, etc. 

Fractions of an inch expressed decimally. 



g':j of inch=.oi56 


I J. 3 


of inch =.3438 


l-fj'j of inch = .6875 


1 ( 

31 


= .0313 


i 




=•375 


1+3^ " 


== .7188 


1 ( 
Iff 


' =.0625 


34- 1 

g + 3^ 




= -40631 


i " 


= -75 


i^ ' 


' =.0938 


I + t'b 




=•4375, 


l + s'a " 


= .7813 


i ' 


' =.I2S 


34. S 

5 + 33 




=.4688. 


1+t'5 " 


= .8125 


h+^\ • 


' ==.1563 


i 




=•5 


l + A « 


= .8438 


111 ( 

5 + T9 


' =.1875 


•1 + s'a 




=•5313; 


i " 


= .875 


i+A ' 


' =.2188 


I+tV 




-•5625' 


i + s'3 " 
i + T'5 " 


= .9063 


i ' 


' =.2S 


H3^3 




=•5938 


= -9375 


III ( 


' =.2813 


f 




=.625 


i + h " 


— .9688 


I+t'8 ' 


' =-3i2S| 


i + sV 




=•6563, 


I inch 


= 1.000 



Il^SIDE LAP. 

The effect on a valve motion of inside lap is to — 

Prolong the Eoopansion^ and 

Hasten the Compression. 

(A contrary effect for inside clearance.) 
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The former is occasionally added in the case of high- 
speed engines having very late cut-oflfe. In snch instance; 
the compression is arranged to commence at about | of th(» 
stroke, or at ah angle of 138 degrees, and the release at an 
angle not exceeding 160°. For example, if the angular 
advance equals 32° (with a travel of 4f inches) the compres- 
sion would commence at a crank angle of 148° or 10^ later 
than the above limit ; hence if we give the valve an inside 
lap of 10° or I of an inch found as in Fig. 12, the exi)an- 

FiG. 12. 



AMouuw advance: 

»0" >.2 2fi* f«* 



4' 



< PORT OPENINQ, * 

TRAVEL, 



sion wiU continue from the point of cut-off to 148'' 4- 10' — 
158 degrees, and the compression commence at 148°— 10^= 
138 degrees, instead of both events taking place at the 148' 
angle of the crank. 



We think the foregoing investigations fully sustain our 
remarking in conclusion that any questions, relating to the 
travel of the valve, the varying widths of the exhaust and 
steam-port openings for every possible position of the 
crank, the moments of closure and relea se, and other points 
of interest, can not only be determined with perfect pre- 
cision by means of the Travel Scale, but their solution 
will prove well nigh instantaneous when compared .with 
the indirect and tedious methods that have heretofore ob- 
tained in popular usage. 

4 
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GENERAL EXAMPLE. 

What dimensions should be given to the cylinder and 
valve of an engine like Fig. 5 to secure an indicated horse 
power of 150 with 

Pressure of steam in boiler at 65 lbs. ; 

The crank to make 50 revolutions per minute, and the 
steam to be cut off at j the stroke ? 

The mean effective pressure (page 16) =65x0.52=63.3 
lbs. Piston speed (page 17)= say 250 ft. per minute. Area 
of piston, page 18, 

. 33,000x150 132x150 .^ . , 

^=T5o^^53:3-=n53;3-=^ ^- ^^^"'- 

Therefore diameter of piston=21| ins., say 22 inches. 

Stroke of piston (page 19)=:^7r^=2.5 ft. =2 ft. 6 inches. 

Port area (page 22)=371 sq. inches x .047=17.4 sq. inches. 

If tlie length of the steam port=20 inches then its width 

17 4 
will= 2--=imch. 

Width of i>ort opening W (by page 23) may vary be- 
twcH>n 0.6 and 0.9 the width of the entire i>ort^ but for the 
scxke of greater precision in the cut-off and freer opening of 
the port at the commencement of the stroke, let us make its 
width equal about 1.5 width of steam port, or— 

W=1.5x|"=l J inches. 

Area of steam pipe (page 22) =371 sq. inches x. 032= 
11.9 square inches. 

Area of exhaust pipe=area of stt^m port=17.4 sq. ins. 

The respective diameters of these pipes will therefore be 
4 and 4f inches. By the Travel Scale, the angular advance 
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for the given cut-off of 110^ equals (without lead) X) and 
with a lead angle of say 6^, 

Angular advance will=35'' -f 3^ =38 di»grec»s. 
And lap angle will=3i>°— 3''=32 degnn^s. 

Now apply the width of i)ort oixaiing 1| inches to tho 
90° and 32'' lines of the Travel Scale, as pag(^ ;J8, and w(» 
lind that the Travel must=5| inches. 

After marking the Base line and aagular advance W(* 
have — 

Lap=:lf^j inches; lrad=J inch. 

The bridge, page 47, should not ho less than |"^ li"— j" 
= 1 inch. If, however, the cylinder has a thickness of 1 
inch the bridge must be made of the same width. 

Width of exhaust port, page 48, 

E=|+2|-l"=2| inches. 

Also we have the width of each valve face F and N= width 
of steam port + lap 

Equals, I" + 1 /g " = ^t o inches, 

And the total length of the valve or 

L= exhaust port + 2 bridges + 2 faces=2| + 2+4§=9] 
inches. 

The angular advance being 38"" the exhaust will close 
and release commence at the 142'' angle of th(3 crank (s(»e 
Travel Scale) or at 0.895 of the stroke=30"x 0.895= 26 j 
inches and the cut-off take place at |x30"=20 inch(»s; 
which embraces all the requbed dimensions. 



PART II. 



GENERA L P HOPO IIT ION S 



MODIFIED BY 



CRANK AND PISTON CONNECTION 



CEAI^K ANT) PISTOX COXXECTIOK 



Thus far we have confined our attention to a form of 
connection called the " slotted cross-head," and have been 
able therewith to deduce laws governing the proportions of 
the various i)arts of the valve, as well as to devise a most 
simple and rapid method for determining their magnitudes. 
But since this connection seldom obtains in practice, it 
l)ecomes necessary for us to analyze the form shown in Fig. 
1'], to modify their general proportions to accord with the 
ninv conditions and to eliminate as far as possible all the 
irregularities they tend to create. 

It will be observed, by inspecting this Figure, that the 
cross head pin is drawn a distance BB" beyond its half 
stroke position B", when the crank attains an angle of 90°, 
tliat this irregularity is due to the want of parallelism of 
the connecting rod, with its original position — during the 
progress of the crank pin in its semi-revolution — and that 
a i-od of virtually infinite length produces a motion of the 
piston identical with that of the cross-head. It follows 
that the irregularity BB" will vary with the different ratios 
that may exist between the length of the crank arm and the 
connecting rod. In subsequent comparisons of these two 
terms, the length of the crank arm wiU always be regarded 
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as the Unit measure and that of the connecting rod as * 
certain number of times the length of the crank arm. 

Let the crank arm C A be equal to unity and the cox^- 
necting rod A B=4, then their ratio is that of 1 to 4, (1 : 4 - '. 
When the arm occupies the 90° position the cross-head pi ^' 
will be dra»-n a distance B B" beyond the half stroke poir» ^ 




B". With B as a centre and A B as radius, describe tll(^ 
ara A A". If the occasion required, it might be readily 
proved that A", the point of its intersection with the line 
D E, is the same distance firom C that B is from B". Placing 
the crank in other positions — as at 30°, 60", 120° and so on 
— and describing similar arcs there will result like irregu- 
larities but of a less degree, all of which however vanish 
at the extremities of the stroke D and E. It becomes evident 
therefore that the effect of this form of connection is ; to 
carry the piston ahead of its proper positions throughout 
the forward stroke and on the return stroke to make it Ixitj 
behind thepositions due to the locations of the crankpin. 

Consequently the one crank angle, for a given piston 
position {as in Table A), will no longer serve both thi' 
forward and return strokes, but a nem table must be 
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construct^ which shall famish at sight the propor anglos 
o: the crank for various piston positions in both the For- 
ward and the Return strokes, and these for every important 
ntio of crank to connecting rod between 1 : 4 and 1 : 8 with 
which intermediate values may readily be determined by 
interpolation. Such is presented in the following Stroke 
Table.* 

The fractional portions of a degree have been given as 
small as can conveniently be laid off with a protractor. 

By transposing the terms Forward and Return the 
angles in the Table vdll apply to the case of a ''Back 
Action ^^ Engine. For the irregularities of the motion are • 
necessarily reversed in such instances, because the cross 
head and cylinder lie on opposite sides of the main shaft 
instead of on the same side. 



FIRST EXAMPLE. 

The connecting rod of a certain engine=:8' 3" =99". 

The crank arm =18 inches. 

Cut-off takes place at 0.65 of the stroke. 

Required — ^The forward and return stroke crank angles. 



Divide length of connecting rod by that of the crank 
•'.rm : thus 

Their ratio therefore will be that of 1 : 5J.t 

* The trigonometric formulae pertaining to this Table are furnished in the 
ApjKiudix and-an^lci?, for any special case may be found by their aid, 

I A Ratio commonly adopted by the builders of stationary engines* 



58 CRANE AKD PISTON CONNECTION, 

STROKE TABLE. 
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ECCENTRIC A:TD VALVE CONNECTIOJN^. Gl 

Referring to this Ratio column in tl^o Stroke Tabic vro 
obtain : — 

Crank angle of the forward ctroko for the 0.G5 position 
= 112f . 

Crank angle of the return stroke for the 0.65 position 
= 122f. 

Diflference between the return and forward =9^. 



SECOND EXAMPLE. 

stroke of piston =45 inches. 

Ratio of crank to rod=l : 6i. 

Forward stroke crank angle=131|''. 

Return stroke crank angle=134|^. 

What locations wUl the piston occupy for these angles ? 

From the Stroke Table we learn that : — 131 1^ forward^ 
piston location of 0.85 the stroke and 134 p return = piston 
location of 0.83 the stroke — consequently : 

45" X 0.85 = 38 J inches from commencement of forward stroke. 
45"x0.83=37f '' '' " return " 



ECCE:N'TRI0 AlsD VALVE CO^Is^ECTIO:^. 

The principle of this connection has already been illus- 
trated by Fig. 4, its standard motion in Fig. 5, but as the 
latter rarely occurs in practice it becomes necessary to 
study the former with reference to its influence on the 
events of the valve motion. It has been observed that the 
combination is nothing more nor less, than that of a small 
crank with a long connecting rod, the valve will therefore 
^^ove in precisely the same manner as the piston, and will 
We in its progress from one extremity of the travel to the 



C3 LENGTH OF TCCENTEIC EOD. 

opposite, like irregularities, differing only in degree. In 
other words, when the eccentric arrives at the jwsitions for 
cut-oflT and lead, the valve will l:c drawn beyond its tnio 
position — measured towards the eccentric — by a distance 
dependent on the ratio between the throw of the eccentric* 
and the length of its rod. Since this difficulty is corrected 
by lengthening the rod, it follows that the width of th(» 
port opening in one stroke, wUl slightly exceed that in the 
other. This is practically the only effect produced by the 
use of the true eccentric connection ; although strictly speak- 
ing there is besides a slight difference in the equality of the 
(^xhaust closure, yet in no case does this become sufficient 
to affect the general action. 

Neither is the difference in the opening appreciable in 
stationary engines, for their ratio of eccentric throw to 
length of rod is usually that of 1 : 20 or 30, which gives a 
variation too small to influence the general admission of tlic 
steam. (See Example 4 of Appendix.) 



LENGTU OF EOCEXTEIO EOD. 

To find this dimension geometrically, after the propor- 
tions of the valve have been determined with the Travel 
Scale, proceed as follows : — 

1st. Map the centric lines of the cylinder, valve, rocker, 
and main shaft. 

2d. Place the cmnk at the zero and the valve in such a 
])osition that its edge F (Fig. 11) will give the proper open- 
ing for i\io forward stroke lead. 

5M. Find the i)osition of the centre of the eccentric b}' 
laying off the angular advance from the 90° line. Final!}' 



COBBEOT CBANK ANGLE. (>3 

meagnre the distance from this centre to the rocker pin— or 
that of the valve stem as the case may be — for the correct 
length of the eccentric rod. 



COREECT CEAJSK AXGLK. 

• 
In finding the travel, lap, etc., of a valvo approprUiUi Up 

a given cnt-oflf, by means of the Travel ScaU; and Htiv;K<^ 

Tahle, the Return ^roJce crank angle sltotdd be luMt- 

TiaMy employed. This will result in a correct cut-ofT for 

the return stroke although a laier one than desired in the 

forward stroke. A method of correction for this inequality 

will presently be exidained. 



EQUALIZATION^ OF LEAD OPE:S^f >*'''' 

Since the lead opening is measured at the td^m^^m 
when the crank pin passes the central line, tliero ivm ^cH^ 
no irregularity between the piston positions, andifU«^i««^ 
of the eccentric rod be determined as above tiMf wimk >/ 
the lead opening in the return stroke will equal uM ^ ^a^ 
forward stroke. 



EQUALIZATIONS' OF EXHAXJBT Cl/A^ 

The nearer we approach the half strw^ f^WM0« - , 
piston the greater becomes the inequality wCW»Ujj ^^^ . 
''Angles, and as the uniformity of the 4,^ttmn0 «/^,. . ^ 
cut-off depends directly upon tb«*^ f«*P*tr -*' =■ _ 



04 EQUALIZATION OF ESIIA ST CLOSURE 



that they also will pi-ovu unequal for the forward and re- 
turn strokes. 

The equalization of the exhaust closure is always possi- 
ble, because for a direct-action engine a small amount of 
inside lap added to the laca N (Fig. 11) of the valve and 
(■learance taken frcm the face F, tends to hasten the mo- 
ment of closure in one sti-oke and delay it in the other, 
without producing the slightest effect on either the periods 
of cut-off or the extent of the lead, botli of which al« con- 
trolled solely by tlie outer edges of the valve face ; Tiice ver^a 
for a back-action engine. Hence, any valve that is found 
(in examination to give unequal exlianst closure, eleai-ly 
proves a great lack of appreciation on the part of its de- 
signer, of those simple means which lie at his disposal for 
the accoraplishraent of a perfectly correct exhaust and 
release. 

To illuati'ate this mode of equalization, 

Suppose that in the General Example of P>rt I, the 
crank and rod ratio was 1 : 4. 

Its mean exhanst-closnre angle being 143, or a piston 
position of about 0.89 of the stroke, we have by the Stroke 
Table a difference angle of about 9 degrees. 

If then one-half of this difference angle, or 4,\ degrees, 
l>t( laid off from the Base line on the B|" travel line of the 
Scale (as in Fig. 13) we will obtain a correction of J im 
whicli added to tlie face N gives — 



N^2 

F=:2 



" + |"=2j'g inches, and subtracted, 
}'—\=2\ inches. 



flC^J 



The true dimensions of the faces F and N, for impairing 
equalized exhaust closure with the given ratio of 1 ; 4. 



EQUALIZATION OF THE CIT-OFF. 



EQUALIZATION OF THE CUT-OFF. 

Wliere an attempt is made to etiualize tlie cut^ofiF, that 
of the exhaust closure should be disregarded, for the only 
process that it is possible to adopt in such a case would 
practically achieve both results. 

Since the four periods, at which lead opening commences 
and cut-off occurs, are regulated by only two edges of one 
valve actuated by a single eccentric, it must be erident that 
where inequalities exist between any tw-o of the four angu- 
lar positions of the eccentric, their mutual dependence wiU 
U' such that the periods for these can only be equalized at 
the expense of the other two. 

Hence the equalization of the cut-off depends entirely on 
tlie espediency of giving a greater amount of lead to the 
"ne stroke of tlie piston than to the other stroke. Witli 
liigli-speed engines, such a change cannot be considere<l as 
ileairable, but with those of low sj>eed it may be made with 
vpty beneficial residts. For with high speed the effect of 
'OBt motion can be most successfully overcome by a valve 
liaving equal lead in both strokes, but if the workmanshii) 
Iw perfect and the boxes carefully set up, tlie adjustment 
Cornea applicable to all speeds. 

To eq^ualize the cut-off only two alterations are required 
in the valve motion, viz : 

lat. An iTbcrease of the angular acUance. 
ad. A lengtliening of the eccentric rod. 

To illustrate the process, suppose we were i-equired to 
wyialize the cut-off and exhaust closure of an engine, differ- 
ing only iu respect to the connections, from that described 
in tho General Example of Part I. 
' 5 I 



G3 EQUALIZATION OF THE CUT-OFF. 

Let the ratio of crank to connecting rod=l : 51 and th^ 
forward stroke lead angle* =4°. 

Prom the Stroke Table we find that the return-stroke 
angle for the above crank and rod ratio with | cut-off= 
114'', or an angular advance for a valve without lead of 33^ 
With a lead angle of 4° the trial angular advance becomes 
=35° and the lap angle=31°. As the port opening equals 
1 \ inches, we readily find from the Travel Scale the follow- 
ing terms : 

Travel=5i". Lap=l^^g", and forward lead=^5 inch, 
nearly. 

The diffference between the forward and return-stroke 
crank angles for the above ratio and cut-off =9|°. One- 
half of this difference or 4J° forms the correction appropri- 
ate to the angular advance. Adding this quantity to the 
trial angular advance, we obtain 40° for the true angular 
advance of the eccentric. We thereby secure all the terms 
necessary for determining the length of the eccentric rod as 
already explained. 

With an angular advance of 40° and no irregularity in 
the piston motion, the exhaust would close in hoth strokes 
at a crank angle of 140°, or a piston position (Table A) of 
0.883 the entire stroke =26 J inches. The lengthening of the 
eccentric rod, however, corrects the irregularity produced 
by the connecting rod and preserves this same point of ex- 
liaust closure to the motion. 

By measuring the distance between the true and trial 
angular advances— 40° and 35° — we obtain a distance y\ 
inch, by which it is necessary to increase the minimum 
width of the bridge B, making its new value=f +y^g=|f 
inch. 

"' Since from tlic nature of the case, the return-stroke lead angle must greatly 
i'xc?ed that of the forward stroke, the latter quantity should be taken at only 
o , 4' or o"* to prevent the former becoming excessive. 
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The lead angle of the return stroke will equal that of the 
forward stroke added to the difference between the cut-off 
angles of the crank, or 4®+9|°=13| degrees. 

The lead opening of the return stroke, will equal twic(» 
the measured distance between the angular advances added 
to the forward lead, or ^" x 2 -h ^^g" = -^g inch. 

It should be observed that lengthening the eccentric rod 
increases the width of the return stroke port opening at the 
expense of that of the forward stroke, but so long as the 
width of the latter exceeds the minimum limit (page 23) for 
perfect admission, such inequality is actually a matter of 
not the slightest consequence. 

To guard against the danger of a contracted opening, it 
will be advisable when finding the travel for a corrected 
motion to estimate the width of the port opening at least 1 
or 1\ tiToes the width of the steam port 



expeeime:ntal test. 

The greatest nicety and refinement of adjustment may 
he employed to produce an equal admission and exhaust 
of the steam throughout both strokes, and yet the attempt 
to equalize the power fail from lack of a judicious arrange- 
nient of the steam pipes and passages, on account of which 
the steam will enter one end of the cyliader with a lower 
average pressure than the other. This inequality occurs 
more frequently with vertical cylinders than horizontal 
ones, its extent can only be detected by the Engineer's 
most valuable friend, the Indicator, whose card ever fur- 
uishes clear and indubitable proof of the character, time 



KXPEBrMENTAt TEST. 



aud correlation of the various oventa taking place 
tlie cylinder.* 

To illustrate the charactur of thia inequality, 
i-arda are here inserted whicli were taken from a sho] 
j^ine, liaving a vertical unjacket^ cylinder. The enginel 
lx>en in service for several years. Its steam pipe, supportedH 
by the roof ^rders^. descends to the centre of the cylinder's 
length where it enters passages for conducting the steam 
to tlie upper and lower ports. From the nature of the case 
tlie jtassage to the lower port is more direct tlian that to the i 
upper, hence the steam encounters less opposition and eii- 
tera witli a liigher average pressure than thiough the other. , 
The dimeasions of the engine are the following : 

Diameter of cylinder = 10 jV ; Stroke=20f'. 

Coimecting rod=::51 J" ; Ratio 1 : 5. 

Eccentric rod=62J". 

Travel of valve=:3|" ; Lead=S inch. 

Steam porta=5"xlOJ" 

Oatade lap=3" ; Inside=|". 

Average boiler pre83ure=65 lbs. ; ^'elocity=100 1 



For the purpose of securing a well-defined cai-d tho 
boiler pressiire was reduced to 42 lbs. per square inch, and 
the revolutions of the fly wheel — by means of a brake — to 
40 jKT minute, 

Tho rvsult is j^ven in Fig. 14, where the foil line repre- 
si-nts the card of the forward stroke, the dotted that of the 
liack. Ill making corajmrisous of ihis kind it should al- 



■ For a oowtUcto amtlrsis of tliis innromrnt, its practicsl operation, etc, tlin 
n>adpr la irfcrmi lo Mr. Charife T. Porter's Tiratiec on the KtctLvsD's ^eau 
l.tDiCATOii, pnlai^cd tv V. W. Baoon, M, E., ftod puWialiwI l\v P. Van Nw- 
waad. New Toit. 
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ways "be borne in mind, that the steam line of the one card 
mnst "be combined with the exhaust of the other before the 



FiQ. 14 



Am Lwe. 




Scale. 
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true relation is expressed between pressure and resistance. 
The difference in the steam pressure for the two strokes 
amoxinted to about 2 lbs. The cut-off took place at — 

17y^j inches in the forward stroke 
15? " " return stroke. 



Difference= 1^^^ inches. 



The compression commenced at 18J" forward. 

17J return. 



u 



Difference= 1 inch. 

This case is that of a valve motion in which no attempt 
has been made to equalize either the points of cut-off or 
exhaust closure. Had the exhaust closure been equalized 
the lines aby c dy would have coincided. 

Subsequently, the equalization of the cut-off and ex- 
haust closure was accomplished with the same valve, by 
increasing its angular advance 5^ and extending its eccen- 
tric rod. 

The effect of these changes is shown in Fig. 15 ;* both 

* The angles are constructed on the supposition that the piston is connected 
with the crank by means of a slotted cross-head and rod. The true angles of 




cut-offs took place at 15| inciies, compressions at 17^ 
(return stroke locationa), the lead angle of the forward 
stroke became 41° and that of the return 14|, corresponding 
with an J inch lead forward and an ^ inch back. 

tho cranlc, however, for «c\j ratio of CHink to connecting roci, nmy TeadiJy be 
ilptermined from these hy first finding the piston positions due to these angles 
in Table A and then Rearehlng the Stroke Table for the forward and back 
stroke angles, oppropriate to such pcsilions. 
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It should be observed that this great inequality in tho 
lead, so long as the port opening was ample, produced but 
trifling effect on the area enclosed by the card. 

The two cards of Fig. 15 have been combined to foi-ni 
Pig. 16, showing an equality of the cut-oflf, exhaust closurj 
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and release, but the same excess of pressure as before on 
the return stroke. Had the cylinder lain in a horizontal 
position, the latter inequality would have entirely disap- 
peared, and equalized power been applied to both strokes of 
the piston. 



HOW TO SET A SLIDE YALTE 

HAVING EQUALIZED EXHAUST. 

1st. Place the crank at the 180° location, mark on the 
cross-head and one of its guides opposing '' centre punch " 
points. 

2d. Bring the crank to the zero and mark a second point 
on the guide. The two points thus found, measure the 
length of the stroke. Move the eccentric until the valve 
has the required lead for the forward stroke. 

3d. Advance the crank in the direction of the motion 
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until the exhaust of the opposite stroke closes ; scribe a 
line across the guide which shall pass through the point on 
the cross-head. 

4th. Move the crank until the other exhaust closes and 
scribe a second line on the guide. 

5th. K now the exhaust should close at equal distances 
from the com^mencement of each stroke the motion would 
b3 in adjustment ; if not, alter the length of the eccentric 
rod until the closure becomes equalized, then return the 
crank to the zero position, and alter the angular advance of 
the eccentric until the required lead of the forward stroke 
is secured. 



The position of the valve at the moment of closure may 
readily be fixed by means of a " valve gauge'' fitting centre 
punch points on the valve stem and its stuffing box. 

The above process will serve also to equalize the cut-off 
if the valve be proportioned for this object. 



r 

r 



PART III. 



ADJUSTABLE ECCENTRICS. 



ADJUSTABLE ECCENTRICS. 



The intensity of the resistances, opposed to the action of 
steam upon the piston of an engine, fluctuates in a very 
marked manner, and were it possible to meet variations 
instantaneously by an increase or diminution of the power 
applied, the result would be an impulsive action of the 
working parts instead of a smooth contmuous motion. 

It is obvious then that the power of an engine must 
be exerted at diflferent periods of time in overcoming a more 
and more determined resistance or even one acting in an 
opposite direction. 

Slight variations in the resistances are controlled or 
absorbed by the momentum of the working parts, as by the 
fly wheel of a stationary engine, the drivers and coupled 
wheels of a locomotive, and the screw or paddle wheel of a 
steamer. 

But variations in degree must be met by an increase or 
diminution of the power applied. This may be accom- 
plished in two ways, either by controlling the pressure of 
the steam before it enters the cylinder or by limiting it after 
an entrance has been effected, that is by cutting off at an 
earlier or later point of the piston' s stroke. The first method 
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Ideals with the throttle valve, the second relates to the elos- 
; of tho ste^m port by its valve, while for marine pur- 
I poses both of these agencies ai-e usually employed. 

The tlirottle may be operated either by hand or by an , 

I automatic device called a "governor," the principle of which 

3 been so clearly elucidated in almost every work on the 

I Steam Engine that it would appear superfluous to repeat it 

in this connection. The governor is also at times used as a 

regulator of tho cnt-off, a work it most beautifully and 

delicately executes in such stationary engines as the " Cor- 

" Allan," and others. In these the steam and exhaust 

■ ports are perfectly distinct, so that a change in the cut-off 

does not affect the action of the exhaust, which remains from 

the beginning to the end of the stroke free of the back 

pressure peculiar to a single eccentric motion. 

The principal regulator of the cut-off in modem practice, 
however, is the " link, " or combined double eccentric mo- 
tion, which retains, while presenting itself in various kindi-ed 
forms, the individuality of the double eccentric. On 
this account the study of the action of an adjustable single 
eccentric forms the best introduction to a complete under- 
standing of the link motion. 

Hitherto we have considered the eccentric as a fixed 
body keyed to the main shaft, with its centre line or throw 
inclined at a certain angle to the crank arm. Thus in Fig, 
17 the eccentric has an ftngular advance of 33J° or a position 
C F, suitable for a positive or forward motion of the crank 
if a rocker intexTenes between the eccentric and the valve. 
|It will be i-emembered {Fig. 9) that the same eccentric, when 
focated with an opposite angular advance C B, holds a 
position appropriate to a negative or back motion of the 
crank. Hence if it be required to change the direction of 
engine's motion, it i3 only necessary to unkey 
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eccentric, slip it around the shaft and Becure its throw in a 
pofflSon C B, opposite to that of C P. 

Bnt if in addition to a change of direction a variation in 
(he cat-off for the forward and back motions of the crank 
were demanded, subject to the single condition that the lead 
opening and lap shall remain unaltered, then it would be 
verj- clear that the eccentric must be slotted in such a 
maimer that its centre oan jmss in a direct line from F to B 
(Pig. 17) instead of following the arc F ot B. By this 




means the throw of the eccentric'and consequently the 
travel of the valve would be reduced between F, the fall 
gear forward of the eccentric, and B the full gear back, while 
the minumum value would lie at the point M midway 
between these extremes, or at the mid gear of the eccentric. 
When the eccentric is placed at /S the h ^^^^^ ^ thovalve 
(xinals c/2 ; at P=cf^ and at the mid gear=C M. It 
need scarcely hs told one already familiar with the use of 
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the Travel Scale, that by thus reducing the travel of the 
valve — while the lap and lead opening are preserved con- 
stant — we obtain a reduced port opening, an increased 
angular advance, and consequently an earlier cut-off. Be- 
fore proceeding, however, to analyze the effects of these 
changes one other case should be considered, namely that in 
which the lead opening admits of slight variation. The most 
common form in which this occurs is for the lead opening to 
increase from the fall gears towards the mid gear as in 
Pig. 18, where the centre of the eccentric travels in an arc. 




The reverse, or case"of diminution, is so similar In prin- 
ciple, that the examination of one will serve to indicate the 
nature of the other. 

Suppose, roE example, that C F, the fall gear throw of 

the eccentric =2^ inches. 

Then the greatest travel of valve =6 " 

Let the lap =1 " 

And lead opening. = f *' 
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These dimensions are chosen on account of no peculiar 
fitness in their relation to one another, but merely to illus- 
tmte the effect of reduced travel, constant lap, and a varia- 
ble or constant lead upon the cut-off, lead angle, port open- 
ing and exhaust closure of a simple slide valve. 

With a Constant Lead opening the centre of the eccen- 
tric should be moved in a direct line from F to B, Fig. 17. 
WTien located at F, the travel of the valve equals twice 
C F=:5 inches, the lap=--l", and lead=|" ; if now we mark 
the lap and lead on a slip of paper and apply it in the usual 
manner to the 5 inches line of the Travel Scale, we find that 

The cut-off= 123^=0.77 stroke. 

The lead angle=10 degrees. 

The port opening=lJ inches. 

The exhaust closure=146J°=0.92 stroke. 

Upon removing the centre of the eccentric from F to/' 
the travel will be reduced to twice C F'=4''. Lap and lead 
opening remaining unchanged, we find by applying them 
to the 4" line of the Travel Scale that— 

The cut-off=106°=0.64 stroke. 

The lead angle =14 degrees. 

The i)ort opening =1 inch. 

The exhaust closure=136°=0.86 stroke. 

Since V is removed the same distance from B that / is 
from F, the two positions/' and V will give precisely the 
same results for opposite motions of the crank. 

In like manner the cut-off, etc., for the positions/', h% 
and M may be readily found, but their mutual relation can 
hest be exhibited by grouping their results in a Table like 
the following for — 
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1461=0.92 Stroke. 
136 =o.8S " 
113 =0.695 " 
90 =i 



Again, with Variable Lead opening, (tiTt jiTiishing from 
the mid gear toward the foil gears (from |" to |") the centre 
of the eccentric must move in the arc of a circle, as shown 
in Pig. 18, where the points /', /' are drawn a little nearer 
toward the centre of the shaft, thereby reducing the travel 
of the valve. A Table Bimilar to the above has been con- 
structed for showing the effect on the motion of— 

Variable Lead. 
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P^m a comparison of the foregoing tables we are ena- 
bled to draw the following general conclusions : 

I. That whether the eccentric centre be moved along a 
straight line, or upon an arc, the cut-off and exhaust clo- 
sure will take place the earlier, the nearer its approach to 
the mid gear; while the lead angle and angular advance of 
the eccentric will be increased in magnitude. 
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II. At the mid gear — 

The port opening = the lead opening of the valve. 
Cut-off angle = lead angle of the valve. 
Angular advance=90^. 
Hence the exhaust closes at the I stroke. 
in. If the port opening =0, in the mid gear, then the lead 
opening=05 and the lead angle=90°. The steam conse- 
quently is not admitted to the cylinder for either stroke of 
the piston. 

IV. Since the free admission of the steam depends di- 
rectly on the area of the port opening, and this is gradually 
reduced towards the mid gear, it must Tbe evident that the 
uost influential element upon the perfect action of a link 
motion, or adjustable eccentric, will be this width of lead 
opening in the mid gear ; at which location it invariably 
equals the port opening. 

V. Whether the lead opening remains constant or va- 
ries from the full to the mid gear, the lead angle — or angu- 
lar distance of the crank from the nearest centre at the mo- 
ment the port commences to open for the admission of 
^^Sim-— increases in magnitude from the full to the mid 
gear. At this point, if the lead openings 0, the angular 
distance becomes=90°. This condition is of course incom- 
patible with motion, for the port opening being 0, no steam 
can enter to urge forward the piston, but could this be 
moved to the 90° or ^-stroke point by extraneous force, it 
would then be repelled by the steam admitted for the sup- 
ply of the return stroke. 

VI. To estimate, therefore, the effect of any lead on the 
continuity of the crank motion, it is necessary to know not 
only the width of the lead opening (or lead) at the end of 
the stroke, but also the angular distance of the crank (or 

lead angle) at the moment lead commenced. In other 
6 
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words, we must know the area of the opening and the tivie 
n^quired to produce it. Thus with a constant lead of | inch 
the port commenced opening for the full gear when the 
crank was within 10° of the end of the stroke, but for the 
mid gear when the crank was within 43J° of the same posi- 
tion, a portion of time nearly 4 J times greater for the same 
opening. Since the volume of steam admitted through a 
contracted passage, depends more directly upon the time 
that passage is kept open than upon its area, it manifestly 
would be absurd to imagine that a valve motion, having 
constant lead, was capable of admitting steam with invari- 
able eflfcct for all points between the fuU arid mid gears. 
So far as preadmission alone is concerned, the lead opening 
{should grow smaller on the approach towards the mid gear. 



The relations between travel, lap, lead and port open- 
ing for the different positions F,/',/^ M, l\ l\ B of the 
(^ccentric, are conveniently expressed by a single diagram 
like Fig. 19. 

Describe the travel circle a' F B, lay off on both sides 
t)f the centre or exhaust-closure line d C, the lap and lead, 
and draw the cut-off and lead lines. Through the various 
positions F,/', etc., draw indefinite lines parallel to the 
central line of motion o) d\ and upon these lay off on each 
side of the exhaust-closure line the \ travel for the location 
in question. Thus, from d lay off d d and d a each equal 
to C F the ?r travel ; from c', d h and d e each equal to 
i\f\ and so on. Finally, draw the curved lines d M cZ", 
('. W a"" through the extremities of the travels for their boun- 
dary lines,* and we obtain a sort of travel scale expressive 

' Tho resulting curves will invariably constitute tlie branches of an cquilat 
c\\\\ hyperbola. 
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of the character of the motion at the different gears of the 
eccentric 




Sioce for any particular case the lap absorbs a constant 
portion of tlie travel, as the distance I V, it is evident that 
in order to obtain a variable cut^ofF, we have sacrificed port 
opening and consequently the travel in both strokes, and 
have reduced its excess 7 dor'R^ over the lead in the fuU 
gears, to nothing in the mid gear. This Figure wiU enable 

us hereafter to trace the analogy between link and adjusbi- 

b'.o eccentric motions. 

Having explained the effects attending a motion of tlie 

recentric's centre across its shaft, it is proper to indicat4> 

liow such motion can be secured. 



w 
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Tlie devices are naturally grouped under two classes 
1st. Those capable of acting upon tlie eccentric whila 
the en^ne is in motion. 

2d. Those that require a state of ri'st for their manipu- 
lation. 



Tlie idea of moving the centre of an eccentric directly 
across its shaft, by means of two wedges with reversed 
l>oints, first originated with Mr. Dodd, of Newcastle, Eng- 
land, and a device similar to that shown in Figure 20 was 
patented by him in 1839. His object was simply to ebtain 
a re^eraable valve motion, little dreaming at the time of its 
latent powers as a variable cut-off. These were eabse- 
quently developed by Mr. Dubs of Glasgow and success- 
fully applied, with slight modifications of design, to many 
locomotives. 

In the accompanymg figure tlie crank A is placed at the 
ZL^n>, as well as at right angles to its mate G. The valve 
motion of its cylinder is operat*>d by tlie eccenti-ic pulley 
D, whose centre f^ may be moved across the shaft to any 
other position between F and B, by withdrawing or insert- 
ing the wedges d d secured on one side of the sliding pulley 
II. In its opposite side are two similar wedges e c, for oper- 
ating the pulley E, which controls the valve of the cylindei- 
belonging to the crank G, and consequently moves in a line 
n n^ at right angles to F B. If now the pulley II be slid 
along the crank shaft tintil brought in contact witli tte 
I'ccentric B, tlie centre /^ will be transferred fromy^ to 
B. and in like manner 71' to *i-, locations appropriate to a 
l>ack or negative motion of the crank. AVhen however it 
comes i]i contact with the eccentric E, the two eccentrics will 
stand in the full gear forward positions F and n, and tlie 
nearer the pulley TI approaches the raid iwsition between 
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i and E the earlier will the cut-off take place, as already 

hown in Fig, 17. 

A moment's i-eflection will satisfy the mind, that the 
Dodd Wedge Motion cannot be corrected for inequalities 
of cut-off and exhaust closure duo to angularity of the 
connecting rod, without introducing mid gear inequal- 
ities of port opening, far more pernicious in their effects 
than tlie evils we seek to abate. 

The second class of motors find their chief application in 
connection with portable engines where it is seldom neces- 
ary to reverse the direction of the crank motion. The 
mechanical arrangement of the parts is shown in Fig. 21. 




ADJUSTABLE ECCEXTBICS. 



ttite side poaees the bolt D fitdug looeely the elot D d^ and 
capable of clamping the pulley in any dc-stied position. 
Tbe eccentric lias an ai^nlar adrance of 3ij' and its centre 
occDiiies the fall gear forward portion F. To place it in the 
frdl gtar back poBition at B, the bolt D shoold be loosened 
and tiie puDey E turned on its pivot A nnti! tlie point d 
assumes tbe position D. Tliis motion t^tII transfer the cen- 
tre F. npon an arc whose radius equals A P, across the 
shaft to B, and give as in Fig. 18 an increasing lead from the 
fall to the mid gear. If however it were required that the 
lead be preserved constant for all gears of the eccentric, the 
cniratore of the slot D d should ix; formed with a shorter 
radius than D A, a similar change should be made in the 
large slot, and the hole for tbe bolt A should be oval in the 
direction of the line A F so that the pin D might force the 
centre of the eccentric to adhere practically to the straight 
line joining F and B, 

Figure 21 illustrates a. simple method for determining 
the diameter of Ilie eccentric pulley and for arranging the 
centres in sucli a manner that the large slot shall be dis- 

fcposed symmetrically on opposite sides of the diameter A 

1^. The process is carried out as follows : 

1st. About the centime C describe a circle c g, Tvith a 
diameter equal to that of the proposed shaft, 

2d. Decide upon a suitable diameter for the eccentric 

mivot A and locate the bolt as near to the shaft c g, on the 

Ecentral line of motion, as consistent with the strength of 
the ptdley. 

3d, With A as a centre and A C radius describe an ar« 
C c ; join A with its point of intersection c of the shaft circle. 

k Bisect the angle C A c by the line A F. 

W 4th. Lay off the required angular advance line C P. Its 

Hatersectlonwith the line A P locates the centre of the eccen- 
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Wc in the fall gear forwurd. About P as a centre strike a 
circle for the eccentric encloemg the pin A by a diatanc(' 
sufficient to give ample strength to the eccentric pullej'. 
The distance C F will then equal the | travel of the valve, 
with which radius the travel circle F B may be described, 
and the lap readily detennined. 



The angolar advance is usually taken at about 30° or 
the I cut-oflf, but of course the larger the advance the 
greater will be the travel of the valve, lap, &c 




lh3 above cut illustrates another modification of the 
adjustable eccentric. In tliis device, the collar H is made 
larger than the eccentric puUey, and keyed fast to the 
shaft. The pulley E is secured by the bolt A, and any 
tendency to its rotation prevented by means of a feather on 
the back, which fits the slot d. 



PART IV. 



LINK MOTIONS. 



LINK MOTION. 



The various mechanical devices embraced under thia 
general term, have many strong points of resemblance and 
subserve a common object. By means of them, the Engi- 
neer is able at will to change the direction of the crank ro- 
tation, with only the loss of the time required for overcom- 
ing the momentum of the moving parts, and developing the 
like in a reverse direction. More than this simple result 
was not contemplated in the original discovery of the link. 
Subsequently, however, it was found to be capable of regu- 
lating the cut-oflF of the steam, so that the power could 
always be adjusted to the work required. This feature 
greatly enhanced its value, and placed the engine under the 
complete control of the operator. 

The extreme simplicity of the parts of the link motion, 
has enabled it to contend successfully with all rivals, and 
at the present day it remains in substantially its primitive 
fonn. It is applied principally to locomotive and marine 
engmes, where the power demanded is quite variable, ftud 
the motion at one time direct, at another reverse. 
The designs may be divided into four classes : 

I. The shifting link motion. 

II. The stationary link motion. 
m. The Allan link motion. 

IV. The Walschaert link motion. 
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The first form was invented by Mr. Howe, in 1843, ami 
applied to the locomotives of Messrs. Robert Stephenson & 
Co. It is in fact the representative link motion, which, ex- 
cepting slight modifications in the mode of suspension, 
remains unchanged by the accnmalated experience of a 
quarter of a century. 

Simultaneous with the appearance of this motion waa 
that of the second, the discovery of Mr. Daniel Gooch. It 
accomplishes perfectly analogous results, and has met with 
much favor throughout Great Britain and the Continent. 

Tlie " AUan" combines the characteristic features of the 
Howe and Gooch link motions in such a manner that the 
parts are more perfectly balanced, consequently it dis- 
penses witli the counter weight or spring peculiar to the 
former of these motions. 

The Walschaert motion is extensively applied in Bel- 
gium, but probably will not receive much attention from 
locomotive Engineers, beyond tho limits of that Kingdom, 
imless future designers succeed in reducing the number of 
its connections. 

It is proposed to confine our investigation to the shifting 
link motion, to develop the general laws governing its ac- 
tion amid varied conditions, to present graphic methods for 
determining the proportions of the parts, and briefly to 
point out the general application of the same to the 
motions of the other three Classes, 
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A link, operated by two fixed eccentrics, fonns when 
properly suspended an exact mechanical equivalent of the 
movable eccentric. Unlike the latter, however, its motion is 
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capable of an accurate adjustment, which practically nulli- 
■fies the effect of irregalarities in cut-off and exhaust closure, 
attributable to the angularity of the main connecting rod. 

The general fonn in which its parts are arranged in 
i\.uiericaii locomotive practice, ia clearly shown in Fig. 23. 
Upon the main shaft are keyed the forward and backing 
liccentrica, with their centres at F and B, tlie two extreme 
positions of tlie single movable eccentric in Fig. 17. Their 
Btraps are bolted to the eccentric rods, and these in turn 
are pinned to the "link.'i The dide valve is attached by 
its stem to one of the rocker arms, and a "block" sui'- 
tounda the pin of the opposite arm, which fits tlie main 
link and slides freely therein. The centre of the link is 
spanned by a plate called the *' saddle," on which is formed 
the pin or stud that supporfg the link and eccenbic rods. 
This pin is embraced by a bar called the "hanger," or 
sometimes tlie suspending or the sustaining link, from ita 
IHSition and the Ber\-iee rendeix-d to the motion. The 
lormer term is preferable on account of its conciseness, and 
lan lead to no confusion. Tlie opposite extremity of the 
hanger is attached to one arm of the tumbling shaft. Both 
afras of this shaft are rigidly secured, and form upon it a 
''bsll crank," The shaft itself freely oscillates on prop- 
I'rly supported bearings, but is limited m its motion by the 
a(!tion of tlie reversing rod. The link has been dropped 
into the full gear forward, thus throwing the entire influ- 
ence of the eccentric F upon the valve motion to the almost 
complete exclusion of that of its mate B. By drawing back 
the reversing rod and raising the link until the pin of the 
other eccentric rod is brought in line with the pin of the 
rocker arm, the link will be made to occnpy a location ap- 
propriate to a negative crank movement (as with B, Fig. 17) 
[lad intermediate suspensions -mW in like manner be pro- 
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dnctivo of earlier cnt-off and exhaust closures. In order to 
clearly demonstrate that suck similarity exists between 
. these motions, it will be necessary to reduce Fig. 22 to a 
skeleton form like Pig. 23, and follow the joumeyings of 
tlio "link arc" throughout a complete revolution of the 
crank. 

Let tho path of the main crank pin be represented by 
tin- circle E D in Fig. 23. This being divided into 12 equal 
jiarts, gives a sufficicut nimiber uf positions for tlie purpose 
of tracing the motions of the link arc. The zero will be 
known as position No. 1, the ISO^ as position No. 7, and so 
on. Within tliis circle di-scribe the patli of the eccentric 
ceutifs by means of tlip circle F B 6'. Tliis should first be 
divided into 12 equal parts, with F as the origin of one ec- 
centric's motion, and again into 12 other equal parts with 
B as an origin, so that when the ci-ank moves from position 
No. 1 to 3 tho new positions/'' and V of the two eccentrics 
may be instantly found, and the same with other loeation«. 
The oi-iginal positions F and B are of course laid off witli 
the angular advance due to tho proposed maximum cut-off. 
At the distance C t from the centre of tho shaft erect the 
perpendicular T t and locate T the fixed centre of the tum- 
bling shaft. T h will represent the arm which supports the 
link through its hanger and h h' W tlie arc described by 
this arm. A second perpendictilar at the distance A will 
contain the point R, the centre of the rocker shaft, whose 
arm R A sweeps the arc r A r. The motion of the apper 
ann, being merely the reverse of the lower, need not be 
considered, and so long as the angular advance is properly 
located no error can arise from the omission. In the mo- 
tion of the lower arm there are five locations of vital im- 
portance, viz : one at which the exhaust of the valve opens 
or closes, two appropr'ate to the lead at fuU gear of the 
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link, and two at wliich cnt-off takes place or the vdWo 
closes its ports. The 1st is evidently the normal position 
R A of the rocker, the 2d, R dj R d'y that in which tli(» 
rocker pin is drawn aside a distance A d eqnal to the sum 
of the lap and lead, and the 3d R Z,.R ? corresponds with 
a removal A I eqnal to the lap. Hence, so far as the slide* 
valve is concerned we can confine onr attention to the mo- 
tion of the rocker arm pin npon the arc r r. Tlic five posi- 
tions in question can te distinctly located by sweeping a 
circle d e?, with a radins equal to the lap phis the lead of 
the valve, around the exhaust point A, and inscribing a 
second circle I If with ia radius equal to the lap of the valvo. 
Then the four points in which these circles intersect the arc 
T r will give the 4 positions of the pin corresponding with 
the lead and cut-off positions of the valve, and the centre » 
of these circles wiU give the exhaust closure positions. As 
these locations will be constantly referred to in the sequel, 
it should be remembered that the "lead circle" d W fixers 
those points on the arc r r which the pin of the rocker ami 
must occupy when the valve has a given lead ; and that 
the "lap circle" I V locates the positions of the same pin 
for the moments at which the steam ports are closed against 
the admission of steam to the cylinder. 

Our next duty will be to reduce the link to its simplest 
form. 

It appears on examination that the rocker pin is entirely 
subject, in its motion, to the guidance of the link arc, and 
that this arc swept with a radius C A is rigidly connected 
with three moving points, viz. the saddle pin, and the two 
eccentric rod pins. In following the motion of the link arc, 
the connection of the parts can best be maintained by the 
use of a template, cut from white holly veneer or other 
hard wood and shaped like L L in Fig. 23, upon which arc 
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made V shaped incisions for locating the points /, S and b 
of the pins. 

AVe are now prepared to find position No. 1 of the link 
corresponding with No. 1 of the crank. Of course when 
ihe <;rank is at the zero the steam port should he opened an 
amount equal to the lead of the valve. The rocker arm 
therefore wiE occupy the position R d, and the point d lie 
in the link arc. Since the eccentric centres P, B are found 
in a Hue perpendicular to the central line of motion, and 
the eccentric rods are of equal length, the link must occupy 
a nearly perpendicular position. Place the template so thai 
its arc coincides with the point d and mark the point /upon 
the jmper, then the distance from F to / will equal the 
length of the eccentric rod. With this length as a radius 
describe about F as a centre Hie small arc fg, likewise 
with B as a centre describe the small arc & 7i. Apply the 
template to these arcs so that the points / and b shall be 
fomid in them and the point d on the link arc nc d, after 
which, draw the link arc on the paper and we obtain posi- 
tion No. 1 of the link. With the saddle pin S as a centre 
and the length of the hanger A 8 as a radius, the position T 
/i of the tumbling shaft arm is readily found for full gear 
of tlie link and conversely the arc c S c is fixed along whicli 
the saddle pin must travel during the revolution of the 
t^rauk. 

The pi-eparatory stages of our solution are now complete, 
the link motion of Fig. 23 has been reduced to its skeleton 
form and the. firat position of the link located. Our next 
step is to follov; the link arc during its joimeyings in a 
single revolution of the crank. Suppose „hen, the crank 
is made to occupy position No. 2, the eccentrics will be 
carried forward from F and B to./^ b^. Since the length 
of their rods remains unchanged the arcs/^, b 7iy 




ft 
Aft- 




SHIFTING LINK MOTIONS. 


FlQ. 34 


.. : I 




nf- 


CKSTBAL LINK OP MCT10n\, \\ 11 W ~7 





removed from their firat position and the link template will 
follow them with its points J and f. The only restraint 



98 SHIFTING LINK MOTIONS. 

upon the course of this template is that the point S must 
travel on the hanger arc c c. If therefore we describe nev/ 
arcs about the centres /^ 62^ and adjust the template so that 
/ and h shall be found in those arcs and S in the arc c c 
there will result a new link position with its arc standing 
like 2 2 in Fig. 24 and intersecting the rocker pin arc ^' ;' at 
a point 1i. But as the rocker pin necessarily follows the 
course of the link arc it will by this change be drawn aside 
from d to Z*, co isequently the steam port will be opened 
wider by the extent of the horizontal measurement of this 
distance. In like manner when the crank is carried to 
position No. 3 the link arc will be removed to 3 3 as in 
Fig. 24, and the rocker pin to V, producing thereby a still 
wider opening of the steam port. The same process applied 
to the remainder of the 12 crank positions will give the 
other locations of the link arc (as in Fig. 24) for the full 
gear of the link. Now observe that the link position 3 3 pro- 
duces the v/idest opening of the steam port, and as the crank 
advances to 4 and 5 this opening grows less and less, until 
between 5 and 6 the rocker pin reaches the point Z, where the 
steam is finally cut off. During its further progress expan- 
sion goc^s on and at last when A is attained the exhaust 
opens and the steam escapes. At position No. 7 (the ISC' 
location of the crank) the link arc is brought again in con- 
tact with the lead circle and a like process is repeated 
throughout the return stroke. 

A duplicate set of link arc locations, might readily b<i^ 
obtained by raising the link to the full gear back position 
and a similar set for ihe mid gear, but an examin- 
ation of the one just found will develop the character- 
of the motion. Draw curved lines* tangent to tin- 

* Hyperbolic curves with semi-transverse axes shorter than their scnii-ccn- 
j urates. 
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extreme positions of the link arc to represent the boun- 
day lines of the valve trave}, as B B' B" and D D" in 
Pig. 26. From the centre of the main shaft, with a ta- 




dins equal to C A sweep an indefinite arc A A' A" for the 
eshaust-closTire line, and parallel arcs I V V for the cut-off 
lines. Draw lines d D' d" and d B' d" tangent to aJl the link 
arc positions No. 1 and No. 7 ; these show, by their distances 
from the cut-off lines, the variable character of the lead 
opening at the extremities of the stroke. 

Comparing Figures 26 and 19 we find that the shifting 
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link, with its two eccentrics, gives results precisely analo- 
gous to those of the adjustable eccentric, consequently all 
the inferences (page 81) we were able to draw from the lat- 
ter motJOD, will hold with equal force in the case of the 
fUnner. 



ADJUSTMENT OF LINK MOTIONS 

Besides the qualities possessed in common by the l 
motions, the link has that of adjustability, a very i 
tant feature, and one which specially characterizes it, 
the tendency of the connecting rod angularity in a ( 
acting engine is to produce a later cut-off on the forward 
sti'oke than the amount required, and since with the link the 
cut-off in either stroke depends on its degree of elevation 
or depresaon ; it follows that if we suspend the link in 
such a manner as to cause a suitable elevation for the for- 
ward stroke, the result wiU be a peri"ectly equalized motion 
for the gear in question. And again if the equalization 
bo made applicable to all gears, then the link may be 
suspended at any point between the full forwai-d and 
full back without an appreciable inequality appearing 
between the cut-offs or the exhaust closures of either stroke. 

But a practical difficulty here arises ; the link block 
moves upon a fixed arc r r whUe the link rises and tails, 
consequently for each revolution of the crank the link will 
slip back and forth a certain distance on its block. Should 
this slip be excessive in any particular gear and the engine 
run a long time in this gear, the faces of the link would 
liecorae worn, " lost motion" would ensue and the delicate 
action of the parts would be destroyed. 

Hence in planning a serviceable link motion it is i 
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saiyto rednce the slip of the link to its smallest value, coa- 
eistentwith the equalization of the motion, and in marine 
(agines to even sacrifice the equality of tlie cut-offs to the 
Teduction of the slip. In Fig. 24 the motion of the two 
fixed points (m aad n) on the link have been traced in 
looped curves. The upper of these, shows to what extent 
the point m falls below and rises above the arc r r, giving 
a slip equal to the distance S plus S'. 

It is important to observe that the magnitude of the slip 
grows smaller and smaller as the link block draws nearer 
to tiie point of suspension, because this fact indicates that 
the stud of the saddle should be placed— when a minimum 
value of the slip is required at a certain point of snspen- 
nearly over such point as possible. 



oonjsectiok of eccentkio rods. 

The variable character of the lead opening in a shifting 
link motion depends upon the manner in which its eccen- 
tric rods are attached, and its magnitude depends on the 
length of those rods. The force of tliis remark will appear 
from an examination of Figures 36 and 27, In both 
instances, the eccentric centres lie hctween the centre oftJie 
«hafta/nd the link^ while the hitter for sake of simplicity 
has been made to act directly on the valve. The No. 1 
portion represents the mid gear, and No. 3 the full gear 
forward of the link. If under these conditions the eccentric 
I'odabe crossed as in Fig. 26 tho lead opening will decrease 
from the fall to the mid gear of the link , where the motion 
may even be without lead. 

But with the open rods of Fig. 27 the lead opening 
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Fig. 26. 



Il^^is 




Fig. 27. 




increases from the fall to the mid gear, and the rapidity of 
this increase, for a given link, depends directly upon the 
length of the rods ; hence with a given mid gear lead open- 
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ing that for the full gear wUl be determined mainly by this 
length. Excepting the case of valves having an independent 
cut-off (Part V.) the rods are seldom crossed as in Fig. 

26, yet (from conclusion VI, page 81) it is believed that 
many instances exist in which the arrangement might bo 
adopted with good results. It is also possible, with such a 
motion, to stop the engine by placing the link in the mid 
gear ; but this can never be done with a motion like Fig. 

27, whose valve is invariably opened a certain amount in the 
mid gear. The extremes of mid gear lead opening in loco- 
motive practice are \ and J an inch, but the more common 
value is | inch ; while the full gear lead varies between ^^y 
and ^ inch, governed principally by the length of the ec- 
centric rods. 

With the stationary link the lead opening remains un- 
altered by changes in gear ; so that if | inch be assumed as 
the proper amount for the full gears, the motion will retain 
this lead for all gears betv/een these extremes and the mid 
gear. This peculiarity is not inherent with the stationary 
link, since many shifting link motions may be arranged 
with a Constant Lead for the various gears of one direction 
of the motion. Take, for example, the motion shown in 
Fig. 22, in which the angular advance of each eccentric 
equals 21° and the lead enlarges from ^" in the full, to j\" 
in the mid gear. By imparting an angular advance of 31° 
to the eccentric F, while that of B remains unaltered, the 
lead opening becomes constant for all points between the 
full gear forward and the mid gear, and diminishes from 
f^ inch in the mid gear to |^" in the full gear back. Vice 
versa for a change in the angular advance of the eccentric B. 
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PRACTICAL OBSERVATIONS. 

(DABSD OS FIO. S2,) 

I. The tiimWing shaft most "be located at sucli a dis- 
tance above or below the central line of motion, that neitlier 
eccentric rod can strilce against it wlion the link is moved 
from one full gear to tlio other. Special cas^ea may arise 
that demand a curvature of the eccentric rod, but the prac- 
tice in general shonld be discountenanced. 

II. The hanger must be of snch a length tliat the ox- 
ti-emity of the link will not contiict with the tumbling eliaft 
ai-m in either forward or back gear. The length of the tum- 
bling shaft arm is usually equal to or greater tbau that of 
the hanger. 

III. If the link cannot be placed in full gear back, owing 
t(j the arrest of its tumbling shaft arm by tlie boiler or 
other • opposing object, either the tumbling shaft must be 
i-emoved and located below the link motion, or the rocker 
must be lengthened in order to depress the central line of 
motion and with it, the entire motion. When the latter ex- 
pedient is resorted to, a change should be made in the rela- 
tive positions of the rocker arms, for the purpose of pre- 
serving the identity of theu* motions. The proper inclina- 
tion W of the arms ia found by describing a circle rttr {Fig. 
28) tangent to the central line of the valve stem, or a line 
sufficiently above the same to equalize the vibration of tlie 
stem, and the central line of tlie motion. Radial lines from 
the points of tangency will then give the relative positions 
of tlie anns. 

This method of correction is preferable to the former in 
respect to the symmetry of the motion, because the greater 
the length of the rocker arm, the less will bo the vibi-atiou 
of the valve stem, as well as the slip of the link block. 
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Fig. 2S. 



1/MME STEM. 




IV. So long as the angular advance of the eccentrics is 
l^-id off from a line at right angles to the central line of the 
link motion, the latter can be arranged at any inclination 
to the piston motion, without affecting the action of the link. 
'I'hese central lines were made to coincide in Fig. 22, merely 
for the purpose of simplifying the investigation, whereas 
they might have formed with each other any angle what- 
ever (see Pig. 52, Part V). 



OEXEBAL DIMENSIONS. 



GENERAL DIMEXSIOXS. 

In ordinarj- locomotive practice the dimensions of the 
viirioua parts' range between the following extreme : 

Ratio of crank arm to connecting rod 1 : 5J and 1 : 8. 
Travel of valve 4 to 6 inches. 

Maximam cut-off from | to 0.92 of the stroke (gene- 
rally =j). 

Mid-goar lead J" to |", usually the latter. 

Full gear (dependent on length of rods) ^g" to /j", 

liadiua of link 3' 6" to 6 ft. 

Distance between eccentric rod pins 10" to 14". 

I'ins back of link arc 2J to 3 inches. 

Saddle-stud back of arc 0" to IJ inches. 

Stud above central line of link 0" to 2J''. 

Length of hanger 12 to 20 inches. 

Length of tumbling-shaft arm 14 to 23 inches. 

Length of rocker arm 8 to 11 inches. 

TiiH following special dimensions, collated by the 

.Miintcr Mccliiiiiit^s' Aasociatioiia, are indicative of the 
picviiiling piiu'.ticd on tliirty-tive of the railroads of our 
i'onntiy : 
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GEI^EHAL rrvi:^ciPLES, 

op THE GEO.METRIC SOLUTION. 

A cursory examination of tliG link motion might nata- 
rally lead to the conclusion— trom the eiraplicity of the 
parts and the strong resemblance existing between their ac- 
tion and the single eccentric's — ^that the theory of the latter 
being perfectly comprehended, hut little difficulty would 
attend the work of assigning proper proportions^ to the 
former. Such an inference, however, would not be 
strengthened by a closer inspection, much less sustained by 
an intelligent effort to accomplish a solution. The reason 
for this fact lies not only in the multiplicity of the parts, 
but also in the conflicting character of the elements that 
constitute a perfectly equalized link motion. 

The requu-ements of such a motion are—perfect equaliii; 
of cut-ofl', of exhaust closure, lead opening and maximum 
■port opening, together with absence of block shp, between 
the forward and return stroke of the piston for every sus- 
pension of the link from fuU gear forward to full gear back. 
Such theoretical excellence is absolutely impossible with 
the ordinary type of link motion, and efforts made to attain 
the same must necessarily result in failure. 

But good practical CLualities may be obtained by sacri- 
Jicing the non-essential to the essential points of the mo- 
tion. The action of the connecting rod on a link motion, 
may justly be compared to the distorting effect of pressure 
exerted upon one point of a symmetrical india-rubber ball, 
producing thereby a temporary concavity. Tliis it is true 
can be i-emoved by an eveii application of additional pres- 
sure to the adjoining parts, but the ultimate efiect will be a 
bulging out of the central portion, and the symmetry can 
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alone be restored by witlidrawing all pressure. Just so 
with the link motion, tlie angularity of the rod tends to ren- 
der one or moro events of the motion unequal in the oppo- 
site strokes of the piston, and sliould it appear more desira- 
ble to preserve certain ones of these than others, we must 
purchase their equality at the cTpense of the latter. Re- 
ducing the anisularity of course diminishes its disturbing 
effect, hence in departments like locomotive engineering, 
where much aft^'ution is bestowed on the equalization of the 
motion, crank and connecting rod ratios of 1 : 7 or 8 obtain ; 
while in marine engineering ratios of 1 : 4 or 5 are common. 
The subject of preserving the equalities of cut-off and 
exhaust closure at the expense of lead and port openings 
has been treated of in Part II. It will only be necessary to 
examine it here with reference to the mid gear. At this 
point the port and lead openings attain their minimum 
value, which beuig much less than the 0.6 or 0.9 port open- 
ing required for perfect admission, tends to reduce the pres- 
sure of the steam by wire-drawing, and if tliese openings 
vaiy, unequal powei-s will be applied in opposite strokes. 
Consequently the mid gear, lead and port openings urasi 
have equal values in both strokes, however irregular they 
may be in the full gears. No fixed limit can be assigned 
to the slip of the link on its block, but the amount allowa- 
ble under different conditions will readily be determined by 
the judgment of the Engineer. In every case, the main ob- 
ject is to reduce the slip to a minimum value for that gear 
in which the engine will be most frequently operated. 
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In designing an engine, as a 
general thing, no particular part 
can be isolated, its proportions 
assigned, and its details worked 
out i^ardless of the conditions 
inevitably imposed upon it by 
the character of the adjoining 
parts; but rather, trial dimensions ~ 
mostbe affixed, their adaptability 
tested and modified by circum- 
stances, and finally all must be ~ 
nufolded and developed in per- 
fect harmony. When the sub- 
ject of scheming the link motion 
comes in order, we find that pe- 
culiarities of detail have already 

fLxed the ratio of the crank arm to the connecting rod, 
have pointed ont a convenient location for the rocker shaft 
and have more or less circumscribed the boundaries of the 
entire motion. 

Since methods of construction are always most inteUi- 
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gibly presented when the mind is able to follow their ope- 
ration in the solution of a practical example, we will take 
for illustration of our method the following dimensions : 

Ratio of crank to connecting rod=:l : 7^. 
Eccentric circle diameter=5J inches. 
Maximum cut-off=0.92 stroke. 
Rocker from shaft=49J inches. 
c. to c. of eccentric pins =13 inches. 
Pius back of link arc =3 inches. 
Mid-gear lead = | inch. 

To find lap, full-gear lead, point of suspension of link 
and location of tumbling shaft. 



Spread upon a long drawing board, or table, two sheets 
of paper large enough to contain figures similar to 29 and 
31 when drawn on the Full Scale. The one will be used for 
locating the various important positions of the eccentric 
centres ; the other, for the joumeyings of the link and its 
point of suspension, their centres should therefore be sepa- 
rated by the proposed distance between the shaft and 
rocker. 

Stretch a fine thread tightly across both papers in order 
to locate the right line E C D A, which constitutes the 
Central line of Motion."^ 

Describe about the point C as a centre the eccentric 
circle E F D, with a radius equal to the throw of the eccen- 
tric. Then, with the points of intersection E and D as 
centres describe with an assumed radius equal arcs inter- 
secting at G and H and erect the perpendicular Q- C H to 
represent the neutral positions of the eccentrics. From this 

* Tho use of the T square should be avoided in all of the conBtmctions. 
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line lay off an angular advance appropriate to the dcsircMl 
cut-off. . This may be found in the subjoined Table : 



Cut-OflF. I Angular I ^M^i^ii;;;^" 

' -^^^•*"«- . Cut OrAngle. 



0.75==.? 28 degrees. I 124 degrees. 

0.8 j 25 " ! 130 " 

0.84 ! 22 " 136 " 

0.875 = 3 . 20 " I 140 " 

0.9 17 '* 146 ** 

0.92 I 16 " 148 " 



In the present case the advance equals 10°, which laid 
off, by means of a protractor, from the line C G, determines 
the position F of the forward motion eccentric when th(^ 
crank stands at the zero. In like manner B might be found, 
but it will always prove more convenient and accurate to 
take in a pair of dividers the distance between F and tlic 
point of intersection of the circle with the line G C and tlien 
prick off from the line G H the points &, /, B. We thuh^ 
obtain the two positions F and B of the forward and back- 
ing eccentrics when the crank stands at the zero, as well as 
their new ones/ and h for the 180° location of the crank. 

It is well known that the inequality of the crank angles 
attains its maximum value at the |- stroke of the piston, 
hence the importance of examining the link motion with 
spooSal reference to the J stroke cut-off. Although appropriate 
angles for the crank have been furnished in the Stroke Table, 
it is thought best for facility of reference to here reproduce 
them in a more compact form. 
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Crank Anglfa for 


Crank 
loCauicctingRod. 


F^dSm-k. 


BHiim SBTike. 
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45 
5 

H 
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82 degrees. 

Z :: 
84 
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07J degrees. 

9S| " 
9SS •■ 
94S " 
94l " 
94] " 
93l " 
93I 



If the ratio of crank to connecting rod "bo that of 1 : 7^ 
the two eccentrics will advance 861° from F and B while the 
piston travels to its forward | stroke location, and 935° ^om 
f and h for the return stroke. 

A very convenient way of locating these fonr points is to 
lay off from C F by means of a protractor, the point \ f 
distant 86^^, and /| distant 93^ from /U. Then with 
a pair of dividers prick off these points at equal distances 
ou the opposite side of E and D giving thereby the two 
other points \b and h^. In the nomenclature here adopted 
the letter / refers to that eccentric which produces a forward 
or positive motion of the crank, while h always designates 
the eccentric for the back or reverse motion. 

When a fraction is prefixed to either of these letters, it 
signifies some forward sti-oke position of the piston with the 
liuk in the forward gear, but if it follows the letter a return 
stroke of the piston with the link in the same gear. Thus, 
the i/ represents the position of the forward eccentric when 
the link is in the forwai-d gear and the piston has advanced 
to its forward j stroke location, and f\ represents the same 
when the piston has attained its \ stroke return position. 
Having accurately located these eight important positions 



[ratio . 1 7i J 



> G 



16. -.; 




FIGURE 29. 



^■• 



"t- 



\ 



\ 



Cexitral JiiLe of ^lotirin.. 



I 

r 



-I -- 



riGURt 30. 



ihl 



t 



fB 



Hi 



/• 






^ 



LINK NO. I. 113 

of the eccentrics, we pass to the other sheet of paper and 
trace theu* influence on the proportions of the link attach- 
ments. 

Since the assumed distance of the rocker from the shaft 
is 494" and the eccentric rod pins are withdrawn 3" back of 
the link arc, the length of each rod will equal 491" —3" =46 J''. 
Adjust a pair of beam compasses to strike arcs of 46|" 
radius. Step the needle point successively in the eight loca- 
tions of the eccentric's centres just found, and sweep from the 
central line of motion the same number of indefmite arcs (as 
shown in Fig. 30) upon which the eccentric rod pins must ' .1^ 
ineoiiahly travel for the four given positions of the crank 
arm. 

Next, from a piece of white holly veneer cut a template L 
(Fig. 32) having a Unk arc of 49^" and with V incisions, 13" 
apart and 3" back of the arc to represent the location of the 
eccentric pins, and draw upon the same the three parallel 
lines / ^, / S, h n ; making,/ S he midway between/ and h 
as well as perpendicular to a line joining these points. AVe 
are now prepared to trace the journey ings of the link arc. 

I. To FIND THE MID-GEAR TRAVEL. 

For this purpose place the template in the mid gear 
positions No. 1 and 2 (Fig. 31) with its eccentric pins on the 
arcs F, B,/, 5, and mark the points <^', d'^ in which the link 
arcs intersect the central line of motion. Locate these 
points permanently by describing a circle through them, 
having its centre A in the central line. Tliis point gives us 
the true location for the rocker shaft, the distance from the 
main shaft being equal to C A instead of 49]:".^'* Through 
A, therefore, erect a perpendicular A R to the central line of 
motion and on it locate the centre R of the rocker shaft. 

♦ Their difference is always so trifling that the rocker box may readily 
1x3 moved the proper amount and much difficulty of construction be thereby 
avoided. 
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IT. To FIND THE LAP OF THE VALVE. 

From d) and d^ lay off the mid-gear lead opening of \ 
inch towards A, and peimanently locate the positions Wwss 
found by sweeping about the centre A a second circle I W 
But since the mid-gear travel invariably equals the sum of 
the laps plus the mid-gear lead openings, the diametei- of 
the circle I V will equal the sum of the laps, consequently 
the simple lap of the valve must equal its radius A Z or A ?, 
Pig. 32. 

The following Table will aid the designer in the selec- 
tion of a suitable lead oi>ening after the mid-gear travel has 
been determined. For since the value of the lead angle 
may range between about 30° and 40°, the widths of the 
openings will be those found in the Table. Of course much 
latitude is here allowed to the exercise of individual judg- 
ment, for the subject demands it. Observe, the larger trav- 
els are only found on marine engines : 
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III. To FIND POSITION OF THE STUD FOR EQUAL CUT-OFFS 
AT THE i STEOKE OF THE PISTON. 

Place the template in position No. 3, with its eccentric 
pins on the forward f stroke elements \f\ &, and its link 
arc in contact with the lap or cut-off point L Tlien mark 
upon the paper the position y S occupied by its central line 
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together with a portion of the link arc. Next, place the 
timplate in the position No. 4, with its i)ins on the arcs/ J, 
b \ and link arc over the other cut-off point ?, after whicli 
mark on the paper the second position, / S', of the link cen- 
tre line. Having decided to suspend the link centrally, the 
I)oint of suspension must be found on the line y S, and con- 
sidering the manner in which it hangs from the tumbling 
shaft it is evident that for a short distance the stud will 
practically move along some straight line c c parallel to the 
central line of motion. The point of suspension therefore 
must reside in the central lines j S, / S', must be equally 
remote from the link arcs and at such a distance that a line 
drawn through the two points will prove parallel to the cen- 
tral line of motion. The only two positions satisfying such 
conditions are S and S', found by trial distances laid off 
with a pair of dividers from the two link arcs. Having se- 
cured the proper distance for the stud, fix it permanently, 
by making a V incision in the link template ; for as our 
subsequent study of the link will be intimately associated 
with the motion of this point, it is important to be able to 
mark its position for other gears of the link. 

The inequality of the crank angles for different positions 
of the piston attains its maximum value at the \ stroke and 
gradually fades out at the extremities, and since we have 
equalized the cut-off for the J stroke, it only remains to per- 
form the same office for the maximum cut-off before we 
l)ractically equalize the motion for all vntermediate gears 
between the fuU and mid gears. Our next step, therefore, 
will be to return to Fig. 29 and map on it the four positions 
of the eccentrics for the maximum cut-off. Tlie third col- 
umn of the Angular Advance Table gives the maximum 
cut-off angle for the return stroke, which in the present in- 
stance=:148°, and the Stroke Table shows that the forward 
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stroke angle is 4J° less than the return, or=143f "*, With 
these angles known, the four positions for the maximum 
cut-off may be readily laid off with a protractor, but the 
nature of the case enables us to present a more rapid solu- 
tion. Prom C P (Pig. 33) lay off an angle of 143f ^ This 

Fig. 83. 




locates the forward eccentric position 0.92/'in the forward 
Htroke. On the return stroke the same eccentric wiU be 
found at the old point h. Take the distance O.Q2f from/, 
in a pair of dividers and lay it off from b in order to find 
0.936. In like manner take that from/ to B and lay it off 
from B, giving thereby h 0.92 the last one of the four maxi- 
mum cut-off points sought. With these points as centres 
and the length of the eccentric rod as radius sweep indefi- 
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Bite arcs (as shown in Figure 34), on which the link tem- 
plate may travel in the fall gear. 

rV. To LOCATE THE TUMBLING SHAFT FOE ACCOMPLISH- 
ING AN EQUALIZED CUT-OFF IN ALL GEARS. 

Slide the link template with its eccentric rod pins on the 
elements 0.92/; 0.92 &, until its link arc comes in contact 
with the lap or cut-off point I (position No. 6) and mark the 
point S* occupied by the stud. 

Again, slide the template on the return stroke elements 
/0.92 ; 6 0.92 until its link arc is in contact with the other 
lap point l\ and mark the stud position S*. Join the points 
S* S* by a line c" c", which is found to have an inclination to 
the central line of motion of about 5° instead of parallel- 
ism* as with c c. 

By projecting the eccentric position points to the oppo- 
site side of their circle, sweeping indefinite elementary arcs 
with the eccentric rod as radius, and applying to them the 
link template, a corresponding set of stud locations S", S", 
S% S^ (Pig. 35) may be found for equal cut-off in the back 
gear. But such efforts are uncalled for in the class of mo- 
tions just described, because their back motion will be a 
precise counterpart of their forward motion, consequently 
the latter may be reproduced from the former, as in Fig- 
ure 35. 

HaviQg thus determined 8 positions of the centre of sus- 
pension for equal J strokes and maximum cut-offs, it only 
remains to sustain the hanger in such a manner that for the 
different elevations it will sweep arcs passing through all 
of these points. Arcs of intersection formed with an as- 
sumed length of lianger as radius and these points as cen- 

■ 

* ParaUelism miglit be secured by moving the stud S to within a distance t 
of the link arc (see Fig. W), but sucb a cliange would destroy the equality of 
the J stroke cut-offs. 
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tres will locate the points Ti and A*, and in like manner tlie 
tumbling shaft arm will determine its centre of shaft T.^* 

V. To FIND THE LEAD OF THE FORWARD AND RliTURN 
STROKES IN THE FULL GEAR. 

Having swept with the hanger an arc & (? (Pig. 36) upon 
which the stud travels in the fuU gear of the link, slide the 
template on the forward lead elements P, B, until its stud 
lies at S^ in the full gear arc c' c', and mark the point d in 
which the link arc then intersects the central line of motion. 

In like manner slide the template on the return stroke 
elements/, 6, and mark the intersection d^. 

The distances of these points from the lap circle will 
equal their respective leads. Thus in the forward stroke 
the lead equals I dm the full gear, but Id) Ssa the mid gear ; 
while V d^ equals the lead opening of the full gear return 
stroke, but V d^ of its mid gear. In the present case both 
mid-gear leads were made equal to each other. Their slight 
variation in the full gear has absolutely no effect on the 
motion. 

VI. Extreme travel and slip of the link. 

Referring to Pig. 34 we observe that the forward eccen- 
tric attains the extreme points of its throw at D and E on 
the central line of motion at which times the backing 
eccentric occupies the positions T and U. [The latter 
points may be laid off from D and E with a pair of divi- 
ders set to the distance P &.] By sweeping the elementary 
arcs of the eccentric rod pins for these pmnts and adjusting 
the template thereto, we obtain the. positions Nos. 9 and 10 

* If the ratio of crank to connecting rod had been that of 1 : 5 or 6, the lines 
p2 €', (? €^ would have had a greater inclination to the central line of mot:on, 
thereby removing h and h^ to 7i* and h^, and depressing the shaft to some im- 
practicable point T*, where it would have been brought in contact with the for- 
ward eccentric rod when the link was in the back gear. The proper ad just- 
meat for such a case will shortly roccive our attention. 



Central line of Motkta 
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(Fig. 37) and are able to marli the extreme points Q, p^ of 
the rocker arc which are separated by a horizontal distance 
equal to the extreme travel. 

For position No. 8 the fixed point m on the templates 
attains its maximum elevation above the link arc, and now, 
at the extreme throw, its greatest depression below that arc. 
The maximum slip will consequently equal the distance 
from p to o on the link arc. This slip grows less and less 
the nearer the stud approaches the rocker pin, and if the 
intention should be to use the link principally in the \ 
gear this amount of slip would not prove detrimental. 



MODIFFCATIOITS. 

We have thus far, as concisely as possible, presented a 
S^^CDmetric method for determining the proportions of all 
^^ ^*^1k motions, similar to those illustrated in Fig. 22. But 
^^^ application cannot be considered universal^ until certain 
^^^jedients are explained, by which some of the results may 
•^^ varied at vdll and also the motion corrected, when the 
^^tio of crank to connecting rod is other than that of 1 : 7J. 



I. How TO REDUCE THE SLIP. 

In the link motion of Fig. 37 the greatest slip occurs in 
the full gear and the least in the mid gear. Now it fre- 
quently happens that after designing a motion the maximum 
slip is too great for practical purposes and the query arises : 
What change shoxdd be made for effecting its reduction ? 

There are four varieties of alterations capable of accom- 
plishing this object, which we will here mention in the order 
of their relative efficiency. 
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Ist. Increase the Angular Advance. 
2d. Reduce the Travel. 
3d. Increase the Length of the Link. 
4th. ShoHen the Eccentric Rods. 

Any one or more of these agencies may be employed at 
the discretion of the designer and a more i)erfect motion be 
produced. Thus we coxdd diminish the slip to J of its pres- 
ent value, by either increasing the angular advance to 30^, 
or by reducing the travel to 4 inches. Of course any such 
change involves an entire reconstruction of the motion in 
accordance with the principles already explained. 

II. How THE SLIP MAY BE DISTRIBUTED. 

Referring to Fig. 24 we observe that the general tendency 
of the fixed point tt^ is to move in an arc the reverse of that 
pertaining to the rocker pin, while n traverses one more or 
less parallel. The maximum slip of the forward gear con- 
sequently exceeds that of the back gear. These quantities 
can be equalized in great measure by placing the stud, not on 
the central line y S between/ and &but, upon some parallel 
line nearer to/ than to &, usually from 2 to 2 J inches above y 
S. In such case the proper location for the stud is found 
by first drawing such a suspension line upon the link tem- 
plate, then sliding the template to the positions Nos. 3, 4, 
5 and 6 for the forward motion, and locating the line in 
question at each of these positions. Make similar locations 
(found with the proper arcs) for the back motion. Finally 
locate the stud for the full gear forward in such a manner 
that the line c^ e^ joining its points shall be parallel to the 
central line of motion. Two or three trials may be neces- 
sary before a suitable height for the suspension line above 
J S is obtained. This mode of suspension is frequently 
adopted on locomotive link motions. 

On the other hand, where no importance is attached to 
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tlie accuracy of the back motion, the slip may be greatly 
diminished by inclining the rocker arms to each other (Fig. 
28) so that the arc r r of the pin shall, instead of preserving 
a state of tangency to the central line of motion, intersect it 
in a similar manner to the path of the point m, Fig. 24. 
This method can be employed with advantage in designing 
marine link motions. 

m. ShOKT CONi^ECTTNG RODS. 

If the ratio of crank to connecting rod had been assumed 
at 1 : 4^ instead of 7J, the position of the stud S found as 
before for equalized cnt-off at the I stroke, and the template 
slid to the positions 5 and 6, the change would have im- 
pressed on the line c^ c^ an inclination of 18° (instead of 5°) 
to the central line of motion. This would have rendered it 
impossible to equalize the motion in the ordinary way for 
more than one direction of the crank, without bringing the 
tumbling shaft and eccentric rods in conflict. But if the 
aim be simply to equalize the forward without regard to the 
back motion — a very common practice— no special difficulty 
will be experienced in hanging the tumbling shaft to even 
this case, for the point h^. Fig. 35, would then be left out 
of the account. 

There exists, however, a method of equalization which cor- 
rects the difficulty for both the forward and the back gears. 
It is clear that the tumbling shaft is employed most conven- 
iently and successfully, when it sustains the hanger in such 
a manner as to guide its vibrations in arcs practically P^^"^' 
aUel to the central line of motion. Hence if we wish the 
link to conform with this condition it wiU be necessary to 
raise the template from position No. 6 of Fig. 34 to No. 11 
of Fig. 38 in which the line c^ c2 becomes parallel to the 
central line of motion. This elevation moves the lap point 
V to Z2 giving thereby a smaller lap circle I V" from which to 
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determine the lap, and at the same time increasing the lead 
opening of the return stroke. The position A of the rocker 
is thereby carried ' to a point a more remote from the shaft, 
and the lead opening of the return stroke in the mid gear 
becomes greater than that for the forward gear. But we 
have already seen that whatever inequalities of lead open- 
ing may arise in the full gear, none can be tolerated in the 
mid gear. Nor is there an occasion for their existence, be- 
cause the liTiIc arc may be struck with a shorter radius 
than the distance from the shaft to the rocker and all such 
inequalities be entirely eliminated. 

Take in a pair of compasses, the radius AdJ oi the mid- 
gear travel and strike the circle d^ d^ about the new 
position a of the rocker. To this the link arc must be 
tangent when the template is placed at the mid-gear position 
No. 1 and 2. Bring the template to position No. 2, mark 
the fixed points m and n of the full gears on the paper, and 
then search for. a radius, having its centre in the central line 
of motion, whose arc shall embrace the three points 
77^, d^^ n. 

In the present extreme case the radius equals 41J" 
against 49 J" employed with the ratio of 1 : 7 J. The -two 
little cuts V and Z, Pig. 39, illustrate the character of the 
lead openings before and after the change of the link arc 
radius. 

Having thus determined the true radius for the link arc 
a new template should be constructed, and all the locations 
made which are appropriate to the template positions Nos. 
1, 2, 3, 4, 5, 6, 7, 8, 9, 10, under the new conditions, just as 
though no previous investigation had taken place. 

The result will be a motion capable of ready suspension 
from a tumbling shaft, with perfectly equalized cut-offs, 
with port openings varying to a slight extent in the full 
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gears "but precisely equal in tlie mid gear, with a Ibnvaid 
stroke lead opening increasing from I d (Fig. Z; in the full 
to 2 ^* in the mid gear, and with a return stroke lead, opcni- 
ing gradually from P d^ in the full to V^ d^ in the mid gear. 
Both these lead openings will be exactly equal to each other 
in the latter gear. It will be observed that all the inequal- 
ities of the motion are thus brought in the full gears, the 
very position where their influence is the least injurious. 

Of course it is not pretended that great inequalities of 
port openings are admissible in the full gears, unless the 
smallest of these openings shall exceed the 0.6 or 0.9 area 
(mentioned on page 23), in which case the magnitude of 
their difference becomes a matter of little importance, be- 
cause the wide opening will then admit no more steam than 
the narrow. But since the 0.6 or 0.9 area must be reached 
before the mid gear is attained, where the areas become 
equal, it is desirable to have as little irregularity in the 
other openings as possible. 

In reference to the lead opening, it is not unusual in lo- 
comotive "stationary-link" motions to give a constant 
lead of \ inch, where one increasing from -^^ or an |" in the 
full gear to |"-in the mid, would be employed under like 
circumstances for a shifting link motion, and so far as can 
be discovered both motions are productive of equally good 
results. Hence we fail to perceive the force of objections 
so frequently urged against a slightly irregular lead, but 
believe that within proper limits resort should be had to 
this most efficient means for correcting the inequalities duo 
to a short connecting rod. The recommendation, however, 
must be qualified for marine engines, whose more massive 
reciprocating parts require equal admissions for bringmg 
them smoothly to a state of rest at the extremities of the 
stroke. For all such it is better to equalize the lead open- 
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ings, at least in the full gear, and as far as practicable the , 
cnt-offs for the same, paying but little attention to tlie i>ack 
gear. 

It has doubtless been observed that thronghout the pre 
vions investigation no allosion has been made to the equal- 
ity of the exhaust closure, and no direct effort put forth for 
its conservation. The omission was intentional, simply be- 
cause the very process of equalizing the cut-off incidentally 
accomplished this object. In proof of which, it is only ne- 
cessary to consider that the neutral position (A) or exhaust- 
closure point lies exactly midway between the cut-off points 
7, r, so that if the motion be corrected for the latter when 
these are near each other, it must become pi-actically per- 
fect for the former. But if the maximum cut-off should 
take place at about the J stroke of the piston, the lap points 
I and ? would bo widely separated, and probably give rise 
to a marked inequality of the exhaust closure at the mid 
gear. Since irregularities of closure and release produce a 
greater impression on the motion when they occur at the 
mid rather than at the full gear of the link, and since it is 
possible by means of inside lap and clearance to correct 
them for either of these gears, it wUI be well to determine 
the extent of the inequality for tlie mfd {/ear, and regulate 
accordingly tlie position of the exhaust chamber with ref- 
erence to the edges of the valve. To determine this correc- 
tion, bring the link template to one set of the half-stroke 
elements (Fig, 32) and slide it thereon until the link arc 
stands over the exhaust-closure point A (or a, as the case 
may be). Mark the position of the stud S, and through 
this point draw a line parallel to the central line of motion. 
Next move the template on the other set of ^ stroke ele- 
ments until the stud reaches the line just determined. 
Mark the point in which the link are now intersects the cen- 
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tral line of motion, and measure the distance of sneli inter- 
section from A. The required correction will be .J of th is 
quaviUy. If the point falls on the forward side of the 
valve stroke it indicates that the exhaust chamber must be 
moved bodily this amount towards the forward edge F (Fig. 
11) ; but if on the back, towards the back edge N. 

IV. EcCENTmO BOD PINS BACK OF LINK ABC. 

Judging from the frequency with which mistakes are 
made in the location of the eccentric rod pins, one is ai)t to 
conclude that most Designers regard their arrangement as 
a mere matter of caprice, and as having little or no bearing 
on the symmetry of the motion. This, however, is by no 
means the case, for each combination has its own appropri- 
ate method of attachment. A connection of the pins hacJc 
of the link arc is best suited to a motion like that of Fig. 22, 
because it tends to Tiasten the speed of the rocker pin in the 
forward stroke, an object usually accomplished by raisiiig 
the link at the expense of slip. 

The upper part of Fig. 34 has been reproduced in Fig. 
40 for the purpose of explaimng this peculiarity of Link 
No. 1. By erecting perpendiculars to the central line of 
motion through the cut-oflf points ?, l\ and by measuring 
from the same line, the respective distances of the eccentric 
rod pin/, for the 0.92 cut-off elements, we discover that the 
forward stroke distance T is much less than tho return 
stroke R, and that if T was equal to E the rockor \An 
would be carried beyond Z, thereby delaying the ciit-off ^/ 
the forward stroke which now it hastens. In ri^alHy tw*? 
slip is avoided by elevating the eccentric rod pin liM««*w ^ 
the link arc. The advantage gained by this featuw U *'^? 
great, for while it tends to equalize the motion It P^^^'^ 
the slip of the link and renders easy the work of iMI»pil«n#',«^ 
from a tumbling shaft. 
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In locomotive practice the distance of the pins' removal 
from the arc varies between 2 J and 3 inches. For marine 
work the limits are, in general terms, double these quan- 
tities. 

Pig. 40. 



FOKWARD 




The principal fact to be borne in mind is that, within 
suitable limits, the greater this distance the more readily 
can the motion be equalized. 

From the foregoing we perceive that Link No. 1 is ap- 
propriate to a motion requiring acceleration for any cut-off 
point beyond the neutral position A, and Jiamng its small- 
est cranJc angles laid off between the linJc and centre of tin 
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main shaft (as in Fig. 29). The four typical forms of such 
motions are here presented with a suitable arrangement of 
the parts, when the link is dropped in the full gear forward, 
for a positive motion of the crank. But if a negative mo- 
tion be demanded, it is only necessary to transpose the en- 
tire motion so that the cylinder comes on the opposite sidt» 
of the shaft, in other words to take the power off the oppo- 
site extremity of the shaft after first turning the engine end 
for end. 

It was remarked (page 57) that the crank angles of a 
hack-action engine are invariably the reverse of those com- 
mon to one of direct action ; hence, if we wish to preser\^e 
the identity of the motion in laying off a figure like 29 for 
such an engine, it will be necessary to locate the initial po- 
sitions F and B of the eccentrics opposite to those proper 
for a direct action, and apply thereto either of the two 
schemes offered in the Diagram. 



EXAMPLE. 

The following dimensions have been taken from a niott 
successful freight engine ; their application will sci vc to 
familiarize the student with the principles of the foregoing 
method : 6 driving wheels, 57 inches diameter. Outside 
cylinders, 18 inches x 22 inches. Connecting rods SO inclio 
in length. Ports 15" in length ; steam, If" wide ; exhaust, 
3". Diameter of eccentric circle=5 inches. Maximum 
cut-off=0.8 of stroke. Mid gear lead=^'V i^^^- ^^^^^^' 
from shaft=551 inches. Length of rocker arms=9 inches. 
c. to c. of eccentric pins=13 inches. Tumbling shaft arm -- 
18 inches. HangPT=13A inches. Pinfl back of arc-o^ 

inches. . ^ , 

Required.-'R^WL^ of link, distance of point o sus- 
pension back of link arc, lap of valve, fuU gear lea , ana 
location of the tumbling shaft. 



LINK No. H, 



2L 



Commonly known as the "Open Link," is specially 
adapted to cases in which the link acts directly on the valve 
stem withont the intervention of 
I a rocker, as peculiar to British 

practice. It differs from No. 1 in 
the location of its eccentric rod 
pins. These, instead of occupy- 
ing stations "back of the link arc, 
reside at points / and b beyond 
the extreme positions m and n 
of the link block. They conse- 
quently move a greater distance 
than the latter jwints, and in 
order to preserve the same travel 
of valve the eccentric circle must 
be enlarged. 

In locomotive practice the dis- 
tance between eccentric rod pins 
/ and 6 varies from 16" to 20". 
The diameter of the eccentric circle varies from 5^ to 7 
inches, and the working points m and n usually about 3" 
from the pins. The template for this form of link is illus- 
trated by Fig. 41. 

This link No. 2 is speciaUy adapted to a motion re- 
quiring acceleration for any cut-off point beyond the neu- 
tral position A, and having its greatest crank angles laid 
off between the link and centre of the main shaft. It will 
Iw remembered that with Link No. 1 (Fig. 40) the smallest 
crank angles occupied such a station, and the eccentric pin 
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was elevated to the position /, making the distance T less 
than R. If, however, the greatest crank angles had occu- 
pied this position, the element / would have been removed 



Fw. 41. 



P^iUS 





to some line /* nearer the shaft, while the link would have 
been depressed and slip iucreased in the endeavor to make 
T=R, But the equality of these terms is established when 
the link arc passes through the centres of the eccentric rod 
pins ; hence, a '' Box Link," having its pins over the work- 
ing points m and ti, will be found better adapted to this 
X)osition than Link No. 1, yet it only supplants the more 
readily-constructed open link, when it becomes important 
to retain the throw of the eccentric at its lowest limit. 
• As with Link No. 1, so with No. 2, there are four 

9 
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schemes to which the motion is peculiarly applicable, j 
These are given in the accompanying Diagram for the posi- 
tive motion of direct and back-action Engines. As hereto- 
fore explained, their negative motion may be obtained by 
transposing the cylinder and link motion to the opposite 
side of the main shaft and taking off the power from the 
other extremity of the same. When, therefore, it has been 
decided that an engine shall have a direct or back-action 
arrangement of the connecting rod, the link to act through 
or without a rocker on its valve, and its forward motion to 
be positive or negative, then an appropriate arrangement 
of the link can be at once selected from these two diagrams, 
and the sido of the shaft determined, on which the cylinder 
should be placed, to secure the desired crank motion when 
the link is dropped in the full gear forward. 

It should be observed here, that the lower part of the 
link is never used in a horizontal engitie to impart a forward 
motion because the weight of the » overhanging or sustained 
parts tends to render the motion unsteady. 



COIfSTRUOTIOI^ 

To find approximately the throw of the eccentrics and 
their angular advance for a given travel of the valve, length 
of link and position of the working point. 

Describe about any point C (Fig. 42) on a vertical line F 
II a semi-circle E H with a diameter equal to the proposed 
travel of the valve ; from C lay off C P, the extreme dis- 
tance of the working point from the eccentric pin, also C S 
the J length of the link. With S as a centre describe the 
arc3 C /, P m, and 5 E. Suppose now the cut-off must 
tak? place at 0.78 of the stroke, then from the Travel Scale 
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we learn that the trial angular advance should be 28''. Lay 
ofif C B 28*" from P C and produce the line D B passing 



Fig. 42. 







"^SifTH, 



VCPM 



through the point of intersection B parallel to F R. Strike 
a trial eccentric circle JFK about the centre C. Take the 
distance between its two intersections D and F in a pair of 
dividers and lay it off twice from G, giving the point K. 
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Tlu-ough K draw a Hue parallel to C R and deterrame ita 
iuterKL-ction b with the arc R 6, Draw a right line tlirough 
b and the extremi- travel point m. If now/ ehould In- 
fouud in the tangent line tlirough J to the eccentric circle, 
it would prove that the diameter of this circle had teeu 
assumed correctly. But if it falls wiihcmt the assumed 
circle, this diameter must be increased. Conversely any 
point within requires a dim'tnuilon of the same. Tbas the 
point e indicates that the diameter of its circle j g li has 
been assumed too large. 

Having secured the correct diameter of the eccentric 
circle, join the jwints D and C by a right line and measure 
its inclination to the line P R. AVe thus obtain 19° the 
true angular advance of the eccentric for accomplisliing 
tlie desired cut-off. The principle involved in this construc- 
tion is that when one eccentric prodnces its extreme throw D 
(Fig. 33) the other will be separated from ita like position E 
by the horizontal distance of T, which always equals double 
the angular advance. Although this construction does not 
claim strict accuracy, it will be found to answer all pr^^ 
cal purposes. 



APPLICATION OF LINK NO. II. 



For illustrating the process of manipulation peca 
this form of link, we will assume the following terms : 
Crank and rod ratio = 1 : 6J. 
Cut-off at 0.8 of the stroke. 
Travel of valve=4| inches. 
Valve stem from shaft=5 ft. 
Distance between eccentric rod pins^lS". 
Extreme working points, 3" from pins- 
Mid-gear lead opening=g inch. 
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Bjr a constraction like that of Fig. 42, an angular ad- 
vance of about 16° and eccentric circle of 6| inches diameter 
are found to conform with the above conditions. If now 
the connecting rod and link motion act directly on the piston 
and vajve the initial position of the motion will be that pre- 
sented in the first Figure of the applications, and the 
four starting points F, B, /, J, together with the four \ stroke 
points of the eccentric circle, may be mapped in a similar 
maimer to Fig. 29 ; while the four 0.8 cut-off points should 
be laid off by means of a protractor from the lines F C, B 
C,/C, andftC. 

Having mapped these twelve important positions and 
constructed a template like Fig. 41 the next step will be to 
follow the joumeyings of the link arc and locate the tum- 
bling shaft in a manner precisely analogous to that pursued 
with Link No. 1 : 



Find 



1st. The mid-gear travel =d? d?. 
2d. The lap A Z for a given mid-gear lead. 
3d. The position of the stud for equal \ stroke 
cut-offs of the piston. 



This form of link is more generally suspended from the 
upper eccentric rod pin than from a point midway between 
the two, and has the tumbling shaft helow the central line 
of motion ; but by marking the various locations of both 
pins, as well as the centre line y, we will be able to select 
the most appropriate of the three suspensions. 

Let us follow first the central suspension. We find that 
by locating the stud on the arc, the line ccoi its motion, 
for the \ stroke cut-off, becomes parallel to the central line 
of motion, a condition suited to ready suspension. But on 
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drojipiiig the template to the full gear cut-offs the stud as- 
sumes the positions S* S^, Fig. 43, whose liue c^ c* has so 
givat an iucUnatiou to the central line of motion, that it 
would be next to impossible to successfully hang it from a 
tumbling shaft aud accomplish equal cut-ofls in aU gears. 
We must consequently resort to a change of link arc radius 
and unequal full gear leads (as in Figs. 38 and 39) iu order 
to establish perfect equality. To do this, raise the linTt arc 
so that the stud sliall occupy a location S"* thereby bringing 
(? & more nearly to a state of parallelism with the central 
line of motion, Mark t the new lap point ; strike a new- 
lap circle I V with neuti-al position o, nearer to the main 
shafts and about tliis point describe the mid-gear travel cir- 
cle giving new points d' tf through wluch the link arc must 
pass for the mid gear. Bring the template to position No. 
2, as in Fig. 31, mark the eccentric pin points/^and b ; then 
search for a radius whose arc shall pass through the three 
points/, (f, h. This radius will always prove greater than 
the distance fi-om the centre of the shaft to the neutral po- 
sition A instead of less, as found with Link No. 1. 

Having obtained a correct link arc, cut out a new tem- 
plate like Fig. 41 to represent it, and reconstruct the entire 
motion. The new radius will equal 5 ft. 7". Tlie corrected 
lap=la^ inches. The lead for the forward stroke, increases 
from J to f in the mid gear, aud from f'g to | for the return 
stroke. Tlie lines of suspension pin motion c, c', c', c" may 
converge, as in the present instance, towards some point 
heytmd the link. In such case tke tumbling shaft should 
be placed on the side of the convergence. 

If, however, the link is suspended "by the upper eccen- 
tric rod pin, the forwai-d gear paths of the suspension pin 
motion will be represented by the lines Ti, h\ and the tum- 
bling shaft will lie below the central line of motion ; but for 
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the lower eccentric rod pin, the lines will become c, ( \ r\ 
and its tumbling shaft will stand above this line. 

The judgment of the designer will in every case decidi> 
to what extent the lead openings should vary in the full 
gears, what inequalities of cut-off are admissible, and 
whether or not the motion should be equalized simply foi* 
the forward without regard to the back gear. 



While attempting to analyze the peculiarities ol various 
existing link motions, the investigator usually finds th«nt 
among other dimensions, only the lap and mid gear lead 
are given, and that no allusion is made to the angular 
advance, or to the maximum cut-off. To solve such cascl^, 
he is compelled to work the problem as it w^ere, hachwards. 
On the central line of motion he plots the lap and lead, as 
on Pig. 32, places the template in the Nos. 1 and 2 positioi:^, 
as in Fig. 31, then with the length of the eccentric rod as ji 
radius and the positions of the eccentric pins as centix s, 
strikes in the direction of the shaft indefinite arcs, wlio^c^ 
intersections with the eccentric circle give the points F, 13, 
f, b, (equi-distant from the central line of motion) and 
from these the desired angular advance can readily bo 
measured. 
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Although the mechanical construc- 
tion of this fonn of Imk is rather more 
difficult than that of No. 2, it serves 
the part of a good substitute when a 
short throw of the eccentric is required ; 
for with it the maximum travel of the 
valve always approximately equals the 
diameter of the eccentric circle. 

At times the box link can be em- 
ployed in positions appropriate to Link 
No. 1, but xery rarely with those good 
results in respect to minimum slip 
which obtain with the former motion. 
On such occasions the stud usually lies 
at some point beyond the link arc, de- 
termined by placing the link in the A 
stroke cut-off positions, Nos. 3 and 4, 

and plotting the centre line j* as in Fig. 32. 

"When, however, the box link is used in place of Link 

No. 2, the centre of suspension S generally falls within the 

link arc, or between it and the main shaft. 

The construction of these links varies ; in some instances 

tlio ribs are formed on the inside as represented, while in 

others, they are cast on the sliding block and overlai) tlic 

jiik T)lates. 




BOX LINK 



STATIONARY LIIfK. 



This form of connection between the valve and eccen- 
trics is specially applicable to those circumstances in which 
the fonner requires no rocker. The mutual relation of 
the parts will be clearly perceived from an examination 
of Pig. 44 which illustrates one of the most successful 
methods of suspension. * The eccentrics stand in their usual 
location for a direct action motion. The main link is hung 
from a fixed point by a short bar called the " suspending 
link" and the link block connected with the valve stem 
through the " Radius Rod " m dl. By means of a reversing 
combination the block may be carried to any point between m 
the full gear forward and n the full gear back. But since the 
link arc is always struck with a radius equal to the length of 
tlie rod m d\ having its centre at d^ and cZ^ in the central line 
of motion, when the crank occupies the zero or 180° location, 
it must be evident that the block can be moved from one 
full gear to the other without altering the position of the 
points W or d?^ consequently the lead opening will remain con- 
stant throughout the motion, the same as in Fig. 17. Now 
it has been invariably the custom to simply define a station- 
ary link motion as ''one in which the lead is constant '^'^ 

* For convenience of observation, the cross sections of the valve and seat 
have been revolved to a plane at right angles to their true position. 
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leaving it to be inferred that the angular withdrawal of tli^- 
crank fi-om its zero position at the moment of pi-e-admissiocS 
mast also bo a consiarit quantity, whereas in reality thi^ 
lead angle increases just as much for a stationary linlia 
motion as for a eliifting one. The only difference betwt 
the two is that the k-ad opening of the stationary linfci: 
motion is more ample and the angle slightly greater, for aSM 
except the raid gear, than with the shifting linli: motion. 
But this distinction has been so clearly drawn in Part ILL 
tliat further remark can scarcely be necessary. Unlike the 
shifting link motion, however, the lead opening is not 
dependent on the arrangement of the eccentric rods, for 
these may either be crossed or opened without altering the 
result. But for the purpose of meeting the other conditions 
of the motion an arrangement like Fig. 44 should be 



As a general tiling more attention is paid to the equali- 
zation of the cutoff and reduction of the slip in the forward 
than in the back gear. For the accomplishment of tliia 
object^ the centre of the link should be dropped heloto the 
central line of motion, the angular advance of the backing 
eccentric slightly reduced and the backing eccentric rod 
lengthened. 

The simplest method by which the student can obtain a 
clear idea of the action of the parts, in a stationary link 
motion, will be for him to take the dimensions of some suc- 
cessful motion, cut out a proper template for the link and 
trace its journeyings throughout the different gears in con- 
formity with principles already laid down for the shifting 
link motion. 

The following dimensions (in absence of others) will 
answer such a purpose : 
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Diameter of piston=18 inches. 

Stroke=24'' ; Connecting rod=91". 

Ratio =1 : 7^. Throw of eccentrics=2f ''. 

Forward eccentric angular adv. = 27^ °. Rod = 57f " . 

Backing eccentric angular adv. =26°. Rod=58". 

Eccentric rod pins 12 J" apart, 3" back of arc. 

Centre of suspension 1^" back of arc, 1 J" below lire. 

Radius rod=37", Reversing link=ll^", Hanger=9". 

Tumbling shaft arm = 18". Reversing pin 8" back of arc. 

Lead=|", Steam port =2", Exhaust=3^". 

Maximum travel about 4f inches. 

The Stationary link is seldom found in American 
practice from the fact that all modem locomotives are built 
with steam chests on top of their cylinders, instead of at 
the side. On stationary engines, the link and governor are 
occasionally used conjointly ; in such instances the glaticn- 
ary link will be found best adapted to the requirements of 
the case, because its radius rod imposes a far lighter duly 
upon the balls of the governor, than the shifting link with 
its rodSj hanger, and additional friction of eccentric straps. 



ALLAN LINK MOTION. 



The discovery of this motion was a natural sequence to the 
invention of the shifting and stationary links. By it a com- 
promise has been eflEected between the leading features of both 
motions, resulting in a more direct action and perfect balance 
of the parts together with a reduced slip of the link block. 
One mode of suspension, for the link in the full gear forward, 
appears in Pig. 45, in which the cross sections of the valve 
and its seat have been revolved for the purpose of more 
plainly exhibiting their relative positions. The locations of 
the point of suspension and attachments of the eccentric 
rod pins upon or back of the link arc are quite as variable 
for this, as for the shifting link motion ; and the requirements 
of the other details generally indicate whether the reversing 
shaft should be placed above or below the central line of 
motion. 

In proportioning the parts, the main object is to move 
the link and radius rod (when the crank stands at the zero 
or 180° locations) in such a manner that the link arcs 
peculiar to each motion shall always be tangent \o each 
other. In this case all the locations of the link block will 
be found m one and the same straight line. This peculiar- 
ity has given rise to the title " Straight Link" motion 
expressive of the form of the link. 
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The radius rod and main link are supijorted by rods 
from the roTcraing sbaft arms, and tlie inequality in tlit- 
IrtDgths of the latter, which is essential to a proper auspen- 
aion of the parts, incidentally tends to equalize the weights 
resting on the opposite sides of the I'eversing shaft, thus 
greatly facilitating a change of the motion from one full 
gear to the other. 

^Vell-6chemed motions of this type practically prcsen-c 
the characteristic feature of the stationary link, viz., a con- 
stant lead ; yet from the nature of the case they possess at 
times slight inequalities in one or "both of the full gears. 
These, however, are quite insignificant for a relatively long 
radius rod and short travel. 

The ratio between the long and short arms of the re- 
Tersing shaft may he readily determined for any given 
travel, angular advance, length of ecccnti-ic rods, link and 
radius rod, by placing the template in tlie No. 1 and 2 posi- 
tions (Fig. 31), marking the mid-gear travel <? (?, sweeping 
indefinite arcs through these points with the radius rod, and 
drawing down the template, or cenb-e of suspension, irom S 
to S' until its straight line intersects these arcs in points m, 
m'. Tlien map the radius rod m (?, wi' tf giving the points 
tt, «' of the reversing rod pin above the central line of mo- 
tion. Tlie centre I of the link arm pin miist fall as much 
below the horizontal line through the reversing shaft R as 
S* does below S. In like manner the pin h of the other 
arm must rise as far above the horizontal as u does above 
the central line of motion. Tinally, draw I h of length suf- 
lioient to accommodate the details of the shaft, and we have 
at once the proper dimeusions for the reversing shaft arms. 

It should be observed that the tendency of m' is to drop 
bblow m and thus distort the motion, but tliis will be ob- 
viated if the two arc brought into one hoiizontal line inter- 
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mediate between each stations. Tho change will result in a 1 
xlighUy increasing lead, as is common with the shifting 
link motion. 

The following dimensionB can be employed for an inves- I 
ligation of this class of motions ; 

Diameter of cylinder=16". 
Stroke=24' ; Connecting rod=87" ; Ratio=l 
Throw of eccentric = 2 i" ; Augnlar advance= 
Eccentric rods=39J inches. 
Radius rod=47", connected 7" back of link. 
Box link, suspended by stud at centre with eccentric 
rod pins 10" apart. 

Suspeodlng rods both 18 ' long. 
Reversing lever, long arm=6". 
Reversing lever, short arm=2J". 
Mid-gear lead = J inch. 
Steam port=lJ"; Exhau3t=2|". 



If the examiner desires to analyze any stationary or 
straiglit link motion already constructed, having a given 
lap and lead but no specified angular advance, he elxould 
work the problem backioards, as follows : First locate the 
four cardinal points d\ I, V, d', and sweep their arcs with 
the radius rod ; then place the link in the positions Nos. 1 
and 2, with the positions of the eccentric rod pins as centres 
and the length of the eccentric rod as a radius, sweep tlie 
four arcs, which must contain the points F, B, f, b, and 
describe through them the given eccentric circle, in sncli 
a manner that all the points of intersection will lie equally 
remote from the central line of motion. With these initial 
points determined, the investigation can proceed on the 
principles ah-eady explained. 



WALSCHAEET LIl^K MOTIOI^. 



This device groups two perfectly distinct motions — the 
one derived from a single eccentric, the other from the cross- 
head of the piston rod — ^in such a manner that their 
combined effect is, when the parts are well proportioned, 
quite analogous to the motion obtained from the stationary 
link. From the nature of the connection between the cross- 
head and the valve-stem, the motion can be more readilj^ 
applied to an outside cylinder engine than to an inside one. 

The eccentric usually assumes the form of a return 
crank from the main crank pin, as shown in Fig. 46. Its 
centre then is found on a line at right angles to the crank 
arm. The angular advance becomes equal to zero, and 
hence, so far as the link will be concerned, the valve can 
have neither lap nor lead. The link oscillates freely about 
a fixed axis, and its arc has a radius equal to the length of 
the radius rod. This rod is moved from one full gear to 
the other, in the usual manner, by means of a reversing 
shaft with arms. From the extremity of a short arm, 
rigidly bolted to the cross-head pin, extends a union bar 
which is pinned to one end of the combination lever. By 
the aid of this lever, the eccentric and cross-head motions 
are so combined, that the latter virtually restores the angu- 
lar advance discarded while locating the eccentric, and 
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conseqnenUy enablca tiie valve to possess "both a constant 
lap and lead. 

The truth of this assertion will appear from an examina- 
tion of the lever elements (Fig. 47) for 13 locations of the 
crank a«n. 




The subjoined dimensions will be found convenient for 
tlie construction of a trial example, in which of course two 
templates should be employed, one to represent the link, 
the other the combination lever : — 



walschaeet link 



14a 



Diameter of pi8ton=18". 
Stroke=24" ; Connecting rod=100". 
Katio=l : 8 J. 

Axia of link 74" from centre of shaft and 15^ above cen- 
tral line of motion. 

Eccentric rod pin 13" from axis of link. 
Radius of link and length of rod=42i". 
Link block to end centre of radius rod=6"-. 
Long lever of combination arm=30". 
Cross-head arm drops 14| inches. 
Connection for arm and lever=16". 
Throw of eccentric = 3J inches. 
Travel of valve (maximum) =4^ inchpa. 
Lap = l inch ; Constant lead of {''. 
Steam port IJ" ; Exhaust poi-t^S". 

Cases will at times arise in which the flislance between 
the centre of shaft and valve, wLU prove too contracted for 
a satislactory arrangement of the parts after the manii?r 
filacwn in Pig. 48. In such instances the curvature of iLe 
link should be reversed, the radius rod made to lie between 
the link and shaft, and the valve stem lengthened, to adapt 
it to the new position of the combination lever. 

The Designer will find that his efforts, towards the equal- 
ization of the cTit-off in the Walschaert Motion, are attended 
with far less difficulty than similar ones with the shifting and 
stationary links. This peculiarity arises, from the intimat<> 
relation constantly maintained between the valve and piston 
motions, through the medium of the combination lever. In 
consequence of which, any undue acceleration or retardation 
of the piston motion is immediately accompanied by like 
effect in that of the valve, thereby greatly diminishing its 
capacity to derange the events of the stroke. 
10 
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INDEPENDENT CUT-OFF, 



CLEARANCE, ETC. 



INDEPENDENT CUT-OFF. 



It has been demonstrated in Part I. that a very early 
cut-off is incompatible with ihe economic action of a single* 
eccentric, for beyond the limit ut about § of the stroke, tlio 
compression attending an earlier closure of the exhaust will 
usually famish a resistance in excess of that required for 
neutralizing the momentum of the reciprocating parts. If 
therefore a more extended range of the cut-off should he 
demanded, for comparatively slow speed engines, other 
means must be sought by which it can be controlled with- 
out affecting the exhaust ; in a word independent valves 
must be introduced having a motion different from that of 
the main valve. For this purpose the parts are usually 
aiTanged as shown in Fig. 48. The valve A carries on its 
back two cut-off valves B B' and rigidly supports by pillars 
the surface plate H H on which a brass packing ring F F 
bears, enclosing a space D in communication with the con- 
denser through the pipe E. The partial vacuum formed in 
this space relieves the valve in great measure of the im- 
mense pressure exerted by the steam, and consequently 
reduces the friction as well as facilitates the starting of the 
engine. 

On the cut-off valve stem are turned a right and left 
hand thread, so that by revolving the same, the valves may 
be drawn closer together or separated by a wider distance 
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wSaf U tiw ivqiiirements of the cut-off. Thu main 
» ^ bisa Eapk lead and exhaust closure appropiiute to 
■Ito df Afr maximtun cnt-off, aud permauently retains 




• >%iaMlliltetlUoa^out every TariatioQ in the point or 
t by the separation of the valves B B'. 
t jM«tfttt depends upon the range of the cut-off, 
(;brtwvn>n xero audahout 0.6 of the stroke the 
iHMtA itt t^g- ^ is moat suitaljle, wliere the 
, «Swt ti» closure of tlie port, and tlie valves 
itfrwtbp the reverse of that peculiar to the 
'■- ■■ irying between O.V, and 0.9tlie stroke 
-Id lii? made to perform this office, 
-tve a travel coinrUJent with that of 
Rssigned limits sucli valves give 
."dst for» i)roper i-atio between the 
L ^ ^ ifc^i wwl cut-off valves. "Wlien the outer 
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edges are employed the travel of the cut-off valves should 
exceed- that of the mam valve ; but with the inner edges i 
may equal or exceed it according to the degree of rapid 
desired in the action. 

The relative motions of the valves, may for any required 
case be conveniently examined, by a method indicated in 
Fig. 49, and the travel regulated to meet the conditions of a 
good motion. The valves are here supposed to cut off with 
their inner edges but the process is equally applicable to 
tlie opposite relation. 1st. Stretch a sheet of paper and 
upon it draw the steam ports, exhaust port, bridges, and 
a cii-cle/ j7 representing the motion of the main valve's 
eccentric with an angular advance position R 1, also the J 
stroke R 3, and the maximum cut-off R 4. Project these 
points to tlie line of the valve seat, thus giving the positions 
1, 2, 3 and 4. Secure a slip of paper X A with its base 
line A over the point 0, and draw the main valve with lap 
appropriate to the maximum cut-off precisely as in Part I, 
Make the steam passages S 8 convergent in order to econo- 
mize space. Secure a second slip W D as before shown, 
and above its base line D describe a circle hj to represent 
tlie path of the eccentric acting on the cut-off valves. Its 
initial position will be found at R 1 the same relatively as 
tlie crank of the engine. From this lay off R 2, 3 and 4, 
making angles with R 1 equal to those found in the 
circle / ff. These preliminary steps completed, our ob- 
ject will bo to find the degree of separation required 
between the valves for the given cut-offs, their width, 
and also to what extent the faces L L should be length- 
ened to prevent a fall of either cut-off valve. Suppose 
for instance the limits were i and I stroke, we first loosen 
_ttie two strips W and X, place their base lines A and D at 
^. 3 the i stroke locations for their respective ecccBtncs, 
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and mark c for the point at whicli the cut-off valve Bhonid 
Btand to effect the closure of the steam port Second, move 
the slips W and X until tlieir base lines A and D correspond 
with No3. 4, the other cut-off limit mark t-" and it will 
appear that the valve stem must be rotated, until the cat-off 
valve B moves a distance n from its first position c. Since 
thu right aud left hand threads have one pitch, the other 
cut-off valve B' will be moved a like distance &om the com- 
mon centre 0. Third, the valves must be sufficiently wide 
to guard agaiust a re-opening of the port before its final 
closure by tlie main valve. This distance may be found by 
placmg the strips at the Nog. 4 positions and marking a 
point c on tlie strip "W opposite the edge d ; when the length 
of the valve should at least equal the distance from c to e. 
Fourth, Place the strips AV and X at the Nos. 1 locations 
and we obtain substantially the extreme position of the cut- 
off valve with reference to the main valve which will indicate 
the pro|jer extension for the feces L L. 

If other positions of the eccentric are interpolated b-j- 
tween 1, 2, 3, and 4, the relative motions may be arccurately 
traced and the degree of port oiwuing observed, so that in 
event of the latter proving inadequate, the diameter of tlie 
circle hj can be increased a suitable amount. It is cus- 
tomary in proportioning stationary engines with valves con- 
structed on this principle, to make the cut-off variable be- 
tween 0.3 and \ the stroke, while the main valve is arranged 
with a lead angle of about 8° and a lap suitable to a cut-off 
of \ the stroke. Tlie resulting angular advance nsoally 
furnishes an appropriate exhaust closure. If, however, on 
trial the crank slionld not jxiss its centres smoothly, the 
angular advance of the ectentric must be increased or di- 
m'jiiahed nntil tlie projw* compri>ssion is discovered for 
counteracting the moraontum of the reciprocating parte, as 
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IMOSPENDBNT CUT-OFF. 
Fm 4a. 




■well as lead opening for nentralizing the effect of lost 
motion. 
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EQUALIZATION OF VALVE MOTION. 



In marine engines the cnl^off valves act with their ouler 
i-dgeft. The lap angle of the main valve is tlien tak«i at 
fi-om IS'' to 20 degrees, and the exhaust closure effected at 
about 0.0 the stroke, by simply raising the link, until the 
eccentrics have virtually an angular advance of 35 to 45 
dt^rees ; in other words, by working tlie link in less than 
the foil gear. The necessity of adjusting the eccentrics is 
thus obviated. 

When an engine Is furnished with exhaust passages per- 
fectly distinct from those admitting the steam to the cylin- 
der, and the demands upon its power are quite -uniform, 
the valves regulating the exhaust should be adjusted by the 
qumitily of coal consumed. That is, the angular advance 
of then- eccentric should, from time to time, be increased 
until at length the limit of greatest economy is attained. 
The result of course must not be judged bj' a computation 
of the indicator card, for that necessarily ignores the effect 
of the momentum of the reciprocating parts, since it mea- 
sures the power in the act of being applied and not svbse- 
quently to the application, a distinction of great impor 

rThe cut-off being produced by a valve independent of 
that regulating the lead, its equalization may be accom- 
plislied without any of the difficulties incident to a single 
wcentric motion, where the slightest change in either even* 
is immediately felt by the other. The desired result is ap- 
proximately obtained for a single eccentric motion, by sim- 
ply lengthening the cut-off valve stem an amount depend- 
ent on the ratio existing between crank and connecting rod. 
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If, however, the valve movca under the influenco of a lever 
attached to the recijirocating parts of the engine, as in Pig, 
53, the motion will become equalized bj- virtue of the irreg- 
ularities thus introduced to the valve motion (a counterpart 
of those peculiar to the piston) and any slight inequalities 
of the maiu valve will be counteracted by a change in tlie 
length of Uio cut-off valve stem. The lead should be made 
equal for both faces of the main ^'alve, and if neither the 
single eccentiic nor link by which the latter is operated 
accomplishes an equalization of the exhaust closure, then a 
suitable amount of inside lap and clearance (as explained 
Part 11) should be given to the exhaust edges of the valve 
face. Tlie cut-off equality of the main valve, in itself con- 
sidered, is of little consequence, hence the link should be 
arranged to give the smallest amount of slip attainable 
with an equality of the lead, and the cut-off should be reg- 
ulated solely by the cut-off valves. 
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Tiis term is used to express, the extent of tte space 

I exists between the piston at the extremity of its 

■oke and the valve face, or the cubic contents of the steam 

sage plus the unoccupied portion of the cylinder. 

J for each stroke of the piston this space must be filled 

b, steam, which in no way tends to improve the action of 

B parts, but rather increases the amount to be exhausted 

I the return stroke, it becomes desirable in long-sti-oke 

jjines to locate the valve face as near tlie end of the stroke 

le, thus reducing the cubic contents of the passage 

. by its dii-ectness admitting the steam with a higher 
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FRICTION 



initint prcsBUi'c tiian could "be obtained through a mon* tor- 
tuous channel. 

A convenient method for accomplisliing this rrsnlt, is to 
w^HUute the valve faces P and N by means of a stem, as 
Hlu>wn in Pig. 50, and forming them either in the shape of a 
Fig. 50. 




Iftk>r O luid oil iu> 6kle, ui- us sumll pisloos. The former 
or J> valve coastnictiou was much omploTed a few ycazs 
wnoe, bat has Ixx^n gnulnaHr supplanted by the more tdo- 
I'hamcal arran^'meut of th* piston valve. Thi?, instead of 
bein<; surrounded by packing in th<' ralre case, carries its 
(■\Iiati;sitv }\u.-kiug ill the same mann^ as aa onlinair pis- 
tosL. Tl«> sieaiQ is received eith** between the piscons, from 
a [Hpe P, giving the muet direet admis^oe to the cyliitder, 
or exteraaUr fruoi chamber tr •!. The puts swTDQndii^ 
ibe ralres az? well jacketed to pterent tmeqaal expansion, 
aad s^ght lrtegsJantw« are k^xaptf«gaSed by tbe dastkiity^ 
vt the parking. 
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e\eepc 9i> br 3» lh» latter nt^r iaB w e g Ite ■<■** i 
■m\iA tjte steuB con eawct sb tniM^hf?^ pnsn 
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There arc various expedients for relieving sucli prcssuri'. 
Two of these have been illustrated in Figa. 48 and 50. A 
third consists in casting a standard in the exhaust port on . 
which is bolted a concave plate, scraped to a bearing upon 
the inner surface of the valve, and holes drilled tlu-ough the 
top admit the steam under the valve, which tends to relieve 
the external pressure. Besides these devices the valve is 
frequently mounted on steel rollers about 1| inches diame- 
ter resting on plates of the same metal, and tlius the sliding j 
converted into rolling friction. Heavy valves standing in a 
vertical position have additional rollers under their lower 
edge for supporting theii- great weight. 



REDUOTIOX IK" TRAVEL. 

• The work expended in friction depends dii-ectly upon ' 
tlie distance traversed by the valve. Hence, in marine e 
gines every means possible should be employed to reduce 
this quantity to its minimum value. This object may be 
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attamed by increasing the number of the steam ports two! 
or three fold, so that ^ or ^ of the tmvel will suffice to openl 
tlie same extent of port ai-ca. For a reduction in the trave^^ 
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LI7IK AND BECIPEOCATISa 



of one-half, the parts are commonly arranged as shown in 
Fig. 51. In this the yalve edges P and N are separated "by 
ii distance wide enough to admit two steam passages U, U, 
whose openings T T communicate with the inner ports Init 
not with the exhaust. They are formed with a width equal 
to that designed for the port opening. The general propor- 
tions of such valves may he concisely expressed as follows: 

Total width of steam passage=2 S, 

Each port = S. Width of port opening=T. 

Elxhaust port=4 S. 

Valve feces F and N=S+Iap of vaJve. 

Bridge W^J travel + lap -I-T+ J inch. 

Width of exhaust bridge B dependent on thickness of 
cylinder. 

Width of exhaust bridge h dependent on thickness of 
valve. 

Occasionally the ti-avel is reduced still further by insert- 
ing a third port beyond the other two. When so aiTanged 
the outer feces F and N are extended and through them 
passages cut, which admit the steam to the cylinder, but 
remain closed during the period of exhaust ; consequently 
the two exhaust passages must be amply large to dischai;ge 
the steam received tlu-ough the three openings. 



LINK AND RECIPROCATING MOTION COMBINED. 

It was observed, while discussing the subject of link mo- 
tion, that the central line of motion might be inclined at any 
angle to that of the piston motion, without affecting the 
character of the valve action. Fig. 52 illustrates this pecu- 



MOTION COMBINED. 



159 



liarify (for one position, namely, an angle of 75°) as applied 
to a back-action engine having an independent cot^off. 
The line E F represents the central line of the link motion. 




OF L'VLIKDEJl. 



and G H a lino at right angles thereto from which are laid 4 
off the 15 degree angular advances of the eccentrics. The I 
eccentric rods being crossed, the lead of course diminifiheil 
from the full to the mid gear of the link, but as this iB c 
emjdoyed in the full or immediately adjacent gears, 
doction proves advantageous, since it enables the t 
to stop his engine by placing the link in the mid g**' '* 
Pig. 26). The cut-off valves are operated by a Ictw J 
connected through the link J K with the pin K, * 
secured to one of the piston rods or to the cTom-iKti m • 
directraction engine. 

Tliia valve motion might have been derired ••• «• ^' 
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centric with its normal position in the line E F, and acting 
on the valve through the medium of a rocker. The general 
conditions governing the motion have already been ex- 
amined. 

There are numerous other positions in which the link 
may be placed, and many other plans for connection with 
the valve, but it is believed that the typical forms have 
been presented with sufficient care and accuracy to enable 
the designer by their aid to accomplish any desired result. 

It may prove a source of regret to some, that the numer- 
ous class of automatic cut-off gears, now so extensively 
applied to stationary engines, should have received no 
special attention in this Work. The Author however, has 
considered it most expedient to confine himself to general 
principles and to subjects requiring a solution in every day 
experience, leaving with those who hold such monop- 
olies, and who alone can make use of them, the onus of 
explaining their principles and advertising their points of 
excellence. 



APPENDIX 



FOEMUL^ EELATING TO OEANK AKD 

PISTON MOTIOI^S. 



CEAlsTK AI^GLE EQUATIOISTS. 



Upon comparing the positions assumed by a piston under the influence 
of a connecting rod of virtually infinite length, with those resulting from 
the use of a rod of finite length ; it appears that for any point selected in 
the forward stroke (as e. Fig. 58) 

Fig. 5a 




tbe piston is advanced beyond its normal position by a distance fj equa 
to the ver. sine of the angle a included between the connecting rod and 
centre line of the engine. On the return stroke it will be found in an'ear 
by the same distance. 

The object of this investigation is to determine formula for ascer- 
taining the crank angle due to a certain length of connecting rod and 
l^osition of the piston. 

Let the length of the crank arm A C (in inches) = I; and that of the con- 
necting rod A B (in inches) = G ; their ratio will be that of X? : G ; but if 

I = N, the ratio of the crank arm to the connecting rod will become 1 ^^ 
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Again the distance of the piston from the commencement of the strode (iu 
inches) = /, consequently : — 



cos A < 



1 h ^ f 
for an advance les$ than J stroke | = _ *^ 



(( 



L t 

" ffreater " J " ■ = -~ 



In which the angle A is a location the crank would assume, if the ratio of 
crank arm to connecting rod were that of 1 : ao . 

Considering 6 as the correct angle for the crank, when the ratio is tLa : 
cf 1 : N and its advance less than the first half stroke, we have :— 

Ce = h cos ^ 

/B= G. 

«B = G. cos a 

but, Ce =/B - «B + Of. 

or X* cos ^ = G — G cos a + 1; cos A. 

Dividing both members by k 

cos ^ = N — N cos a + cos A (1.) 

or, cos ^ — cos A = N (1 — coe a). 

cos 6 — cos A 
cos a = 1 ^—- (2.) 

Since the ** sides of plane triangles are proportional to the sines of their 
opposite angles " it follows : — 

K : 1 : : dn : sin a 

sin <j> 



sm a =z 



N 



Transforming 

this equation upon the principle that cos 'a = 1 — sin 'a. We obtain :— 



.=</(-^s= 



Substituting this value of cos a in Eq. No. 2 gives 



/(-^ 



sin '0\ cos 9 — cos A 

= 1 j^: 



Squaring both members of the equation ; — 
^ sin '0 __ cos — cos A cos '0 — 2 cos cos A + cos 'A 

and multiplying by IP : — 

N^ — sin> = N'* — 2Ncos0 + 2NC08A+ cos'^ — 2 cos 0. cos A + cos -A 
cancelling and changing signs. 
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Sin '^ = 2 N cos ^ — 2 N cos A — cos '^ + 2 cos ^. cos A — cos 'A 
or 

(sin '^ + cos '9) — 2 N cos 9 — 2 cos 0. cos A = — 2 N cos A — cos *A 
wbicli reduces to : — 

— 1 + 2 N cos + 2 cos ^. cos A = 2 N. cos A + cos *A 

or 2 (N + cos A) cos = 2 N cos A + (1 + cos 'A) 

N cos A + a cos »A + 0.5) 

. • . cos 9 = =^^ (3.) 

^ N + cos A ^ ^ 

When the piston stands at the half stroke point, the angle A = 90°. 
But since the cos 90° = 0. the equation (8.) will be so modified as to 
read : — 

0.5 

cos ^ = -j^ (4.) 

For an advance greater than the half stroke the equation No. 1. will 
read thus: — 

cos 9 = cos A -- N + N. COS. a 
^vnich followed through similar transformations to those that developed 
equation No. 3. gives finally : 



N COS A — a cos 'A + 0.5) 

coo 9 = ~-^-^~ — — i \) 

N— cos A ^ 



If instead of the total crank angle or its supplement, the irregularity 
due to the connecting rod is required, the question is reduced to finding 
the difference between cos A and cos ^. 

Subtract cos A from both members of equation No. 3. 

N cos A + a cos ^A + 0.5) 

cos — cos A = =^,^ -'— cos A 

N + cos A 

Let E = the irregularity, then : — 

_ N cos A + J cos M + 0.5 -- N cos A — cos 'A 
~" N + cos A 

Multiplying by J and cancelling: — 

^ 1 — cos ''A 

E = 



\ 



2 (N + cos A) 



E = _-!l^^ C6.) 

• -^ 2 (N + cos A) 



and similarly for an advance greater than 90' 



2 (N - cos A) 
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• 

With equations 6 and 7 also the term N being given, the irregularity E 
c-un be detennined for all values of A. The latter may be combined, to 
ti>rui a scale, by erecting them as ordinates to a straight line and joining 
thi'ir ext remit es. The curved line so described will be a species of the 
vvcloiiL 



The equations 3 and 5 can be modified by making the original values 
of i\v> A, — 



.-•^ = C. and •'— , — = c. 



read thus :• 



For cut-off /«> than 4 stroke, cos 6 = — — j "-^^ ^ — — (8) 

N + C 

5 
^ ** equal to J " cos = -^^ (9) 

*» greater than ^ " cos ^ = t^^T"^ ^^^ 

OenerxU fonmtki for finding that crank angle, which corresponds with a 
^i\ea (H>»ition of the piston. 

It will be observed that equation No. 8 applies to all piston advances 
le<>^ than the half stroke in the forward motion, and greater than the 
siime it\ the return motion ; while No. 10, on the contrary, solves those 
^<:vater than the half stroke in the forward and less in the return motion. 



EXAMPLE s. 

\ %• l« The stroke of a certain engine = di". 

The cut-off takes place at 2C". 

Hatio of crank arm to connecting rod 1 : o. 

Tlie ancrles of the crank at the moment* <X cut-off. 



Siiu'* the cut-ofT is greater than the half stroke 

b\a- lUo iwrw»u\'. Btrjke equation No. iO 

,,. , . ^t-Ji^^ ^ :-?l^E'31^ + ^')= 0.1513 
N — ^ 5 — 0.25 

\v>l ,• <:=81°. It'. 

Su^ip^.iUer.; (T 4 --. B8**. 42' = crank angle forward. 
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Again, substituting N and e in equation No. 8 gives : — 

^ 5 + 0.2o 

marching in a table of natural cosines for this decimal, we find that :— 

= 70°. 10' and 
Gupplement of ^ = 109". 50' = crank angle of the return stroke, or the 
second of the two angles sought. 

They have both been given in the Stkoke Table column for the ratio 
1 : 5, and line for 0.625 piston position. 



Wo. 2. Stroke of engine = 10' G". = 12G." 

Cut-off of steam at 33"^. 
Ratio of crank arm to connecting rod = 1 : Ty^. 

The angles of the crank at the moment of cut off. 



The cut-off being less than one-half the stroke 

;b -/ 63 -33.5 

e = —i^- =.- = 0.40826 

K ho 

Thia substituted in equation No. 8 gives : — 

7.4 X .46826 + (.10965 + .5) ^^,^ 
eos ^ = 7:4-+-468- = '''^^ 

And from a table of natural cosines : — 

= 58°. 49' = crank angle forward. 

Proceeding in like manner for the return stroke with equation No. 10 

3.46512 - (.10965 + .5) ..... 

^ = 65°. 40' = crank angle of the return stroke. 



l¥o. 3. What irregularity is impressed on a valve at its half travel 

by a ratio between the eccentric throw and length of eccentric 
rod of 1 : 25. ? 

From Equation No. 4, cos ^ = ' - = ' = 0.02 

. • . ^ = 88°. 51'. and the 

Irregularity (or complement of 0) = 1°. 9'. about 1°|, which for any given 
travel may be measured from the Base Line of the Travel Scale. 
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The irregularity for many other ratios is given below : - 



Irregularity for ratio 1 

1 
1 
1 
1 
1 



»( 



u 



40 = 1^ 

80= i° 
20 = 1°| 

15 = ir 

12 = 2°t 
10 = 2J^ 



Ratio 1 : 8 
1:7 
1: 
1 : 
1: 
1: 



= ri 



C = 



5 



4° J 



4 



■- '» TT 

= 7i 



\o. 4. When a valve, having an eccentric throw and rod ratio i.i 
1 : attains its quarter stroke (30°) point, by how many degrees 
does it stand in advance of the position it would occupy were the 
throw and rod ratio that of 1 : cx) ? 



Referring to equation No. 7. we observe that in this case A = 00^ 

r.nd as ; cos 00' = ^ sin. 60° = J V3 and sin «60° = f the equation 
for E will become : 



E- * 



3 



8N-4. 
Also , cos (;> = cos A — E, or = cos -' (.5 — E) 

Since the angular correction = ^° — A°. 
we have " " = cos -' (5 — E) — 60"^. 



By substituting the value of N in equation for E, we obtain :- 

Correction = cos -' (5 — .0682) — 60°. 
= 64°. 26'. - 60° 
** = 4°. 26' = amount in advance. 



In a similar manner, we can determine the extent of the irregularity, 
which may be expected from other ratios, at the quarter stroke or 30"^ 
angular advance point, and measure their linear value from the 30° line on 
the Travel Scale. 

Ratio 1 : 30 between eccentric throw and rod, gives ; f ° 







25 


ii 


(i I 




1° 






20 


lk( 


(( I 




ir 






15 




u < 




ij" 
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24° 






8 




(( ( 




3J° 






7 
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3f° 
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Adjustable eccentrics, 75. 
Adjustment of link motions, 100. 
Allen Enjrine, 17, 18, 76. 
Allan Link, 92. 
Ample port opening, 71. 
Analysis of Link motion, 93. 
Analysis of slide valve motion, 31. 
Analysis of Adjustable eccentric, 76. 
Angular advance, 34, 87, 111. 
Angularity of connecting rods, 56. 
Area of steam port, 21. 
Applications of Link No. 1, 126. 
Applications of Link No. 2, 133. 

Back action engines, table, 57. 

Back pressure, 16. 

Belts, 40. 

Block of link, 93. 

Box link, 136. 

Bridge width, 47 

Centre of suspsnsion, 1 14. 

Clearance, 155. 

( 'onnecting rods, 56. 

Connecting rods, short, 121. 

Connection of eccentric rods, 103. 

Constant lead, 78, 80, 82. 

Constant lead and shifting link, 103. 

Corliss engine ports, 23. 

Corliss engine speed, 17. 

Correct crank angles, 63. 

Correct link radius, 122. 

Correction of Exhaust closure, 124. 

Crank and valve motions, 81. 

Crank motion, direction, 39. 

C'rossed rods, 102. 

Cut-oif, how accomplished, 28. 

Cut-oflf, equalized, 65. 

Cut-off, independent, 150. 

Direction of crank motion, 39. 
Distribution of the slip, 120. 
Dodds* Wedge motioti, 84. 
Driving belts, 40. 

T Accent ric, 00. 

Kcc(mtric and valve connection, 01. 

EcccMitric for pcrtatlo engines, 85. 



Eccentric rods, 1k)w connected, 101. 
Eccentric rod pins, 125. 
Edges of slide valve, 25. 
Effective pressure from practice, IG. 
Effective steam jiort area, 23. 
Elliptic solution unnecessarj', 44 
Equalized link motion, 107. 
Equalization of lead openin^r, 63 
Equalization of Exhaust closure, 04. 
Equalization of cut-off, 65. 
Exhaust closure, 34. 
Exhaust port width, 48. 
Experiments on area of steam port, 22. 

Flow of liquids and gases, 24. 

Foot-pounds, 11. 

" Force de Cheval," 14. 

Fractions of an inch, 48. 

Friction, 156. 

Friction of engines, 13. 

Gear, full and mid, 77. 

Geometric solution, principles, lOG, ICO. 

Gooch's link, 92. 

Hanger, 93. 

Horsepower, nominal and indicated, 13. 

Horsepower, actual, 13. 

Howe's Link, 92. 

Inches expressed decimally, 48. 
Independent cut-off, 150. 
Indicator test, 67. 
Inside lap, 35, 48. 
Inside clearance, 3f>, 48. 
Irregularities of piston motion, 56. 
Irregularities of valve motion, 62. 

Joint action of two eccentrics, 92. 



Kilogramme, 11. 
Kilogrammetrcs, 11. 

Lap, 38, 114. 
Lap angle, 34. 
Lap circle, 95. 
Lead, de6ned, 40. 
j Lead angle, 42. 
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lA*ad oponinjr iv^ .ui.ir-e J, 63. 

Jjcad circle, 95. 

licad, full and mid gear, 118. 

Li^ngth of eccentric rod, 02. 

J^imit to single eccentric cut-off, 35. 

liimits of lead angle, 43. 

Link motions, 91. 

Link motion, general dimensions, 106. 

Link, box, 136. 

Link, stationary, 92, 137. 

Link, ALan. 92, 14C». 

Link, Walschagrt, 92, 144. 

Maximum travel of valve, 28, 118. 
Mid-gear travel, 113. 
Mid-gear lead opening, 81. 
^Minimum travel, 23. 
Moiientum of reciprocating parts, 85. 

Neutral position of valve, 81, 48. 
N umber of revolutions of crank, 20. 

Open rods, 101. 
Ol^eu link, 128. 
Overtrayel, 47. 

Piston motion, 50. 

Piston speed, 17. 

Piston diameter and area, 18. 

Piston stroke, 19. 

Piston valves, 155. 

Portable engine eccentric, 85. 

Port area, steam, 21. 

Ports of the Corliss engine, 23. 

Practical observation on link motion, 

104. 
Pressure, mean effective, 14. 
I*ressure, volume and temperature, 15. 
Principles of shifting link motion, 94. 

Qualities, essential and non-essential, 

107. 
Quantity of work, 11. 

Radius of link, 122. 

Ratios of crank to connecting rods, 57. 
Reciprocating parts, 35. 
Reciprocating and link motions, 158. 
Reduction of the slip, 119. 
Regulation of steam admission, 75. 



Revolutions of crank, 19. 
Revolutions of driving wheels, 20. 
Rocker, 31. 
Rocker arms inclined, 105. 

Saddle, 93. 
Shifting link, 92. 
Slide valve, how set, 72. 
Slip of Unk, 100, 118. 
Slip distributed, 120. 
Slip, how reduced, 119. 
Slotted cross-head motion, 27. 
Speed of piston, 17. 
Stationary link, 137. 
Steam port area, 21. 
Stroke of piston, 19. 
Stroke Table, 58, 59, 60. 
Stud location, 114. 
Suspension point, 101, 130. 

Table A, 28. 

Temperature of steam, 15. 

Template of link, 95. 

Test with indicator, 67. 

Throttle, 76. 

Travel of valve, 23. 

Travel Scale demonstrated, 30. 

Travel in mid gear of link, 113. 

Travel, how diminished, 157. 

Tumbling shaft, 93. 

Tumbling shaft location, 117. 

Unequal lead, 123. 

Unit measure of rods, 50. 

Unit measure of stroke, 20. 

Use of the Travel Scale, 37, 44, 49. 

Valve, 31, 45. 
Valve edge, 25, 45. 
Variable lead, 78, 80. 
Vertical cylinders, 71. 
Volume of steam, 15. 

Walschagrt link, 92. 
Wedge eccentric motion, 84. 
Weisbach's experiments, 24. 
Width of bridge, 47. 
Width of exhaust iwrt, 48. 
Work, 11. 

Zero point of stroke, 28. 
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Truss, with centre span 500 feel in the clear. 7. Plan and View of a BridgH ■ 
ovar the Mississippi River, at 3t. Louia, for railway and common traTeL 8, 9, -^ *• \ 
10, II, 13. BetuU and View of St. Louia Bridge. 13. Bnilroad Bridga over - -m.1 
HwOhio. 



Diedrichs' Theory of Strains. 

8to. Cloth. ?5,00. 

A Compendinm for the Calculation and Construction of Bridges, 
Roofa, and Cranes, with the Application of Trigonometrical 
Notes, Containing the moat comprehensive information in re- 
gard to the Resulting Strains for a permanent Load, as also for 
a combined (Permanent and Rolling) Load. In two 
adapted to the requiromanta of the present time. By Jona Dibi 
Kicus. niuatrated by numerous plates and diagrams. 

" The want of B, oompaot, nniversal and popnlar treatise on the Conatrno 

tion of Koofs and Bridgos — eapooially one treating of the influence of a Taria.^ — 
ble load — uid the unsatUfaotory essaya of different authors on the subjantr 
induced me to prepare Chis work." 



J>. VAN NOSTRAND. 



Jacob on Retaining Walls. 

18mo. Boarda. SO cts. 
PRACTICAL DESIGNING OF EETAININa WALLS. 
Abthcs Jacob, A. B. 



Campin on Iron Roofs. 

Large 8vo. Cloth. |3.00. 
OM" THE CONSTRUCTION OF IRON ROOFS. A Theoretical 

and Practical Traatise. By Feahcis Oiufik. With wood-cuta 

and plates of Roofs lately executed. 

" The mathematicBl formula are of an elemoatarjr kind, and tho procesa 
admits of an easy extension so as to embrice the prominent varieties of iron 
truss bcidgos. The treatise, though of a pr^ictical scientiHo uh^raiCter, luiij' ba 
easily mastered by any one fitmiUair with elementury mechanics anil pluaa 
trigoqometr;.'' 

Holley's Railway Practice. 

1 ToL folio. Cloth. 112.00. 

AMERICAN AND EUROPEAN RAILWAY PRACTICE, in 
the Economical Generation of Steam, including the materials 
and construction of Coal-burning Boilers, Combustion, the Varia- 
ble Blast, Vaporization, Circulation, Super-heating, Supplying 
and Heating Feed-water, &c., and the adaptation of Wood and 
Coke-burning Engines to Coal-burning ; and in Permanent Way, 
including Road-bed, Sleepers, Rails, Joint Fastenings, Street 
Railways, &c., &c. By Alexakdbb L. Hollby, B. P. With 77 
lithographed plates. 

" This is an elaborate treatise by one f ou ab esto Til engineera, on thacon- 
Btmction and use of locomotives, with a f w tipters on the building of Eail- 
TDuiB. * * * AH these Bubjocts a e ted by the author, who is a 

first-claaa raUniad engineer, in both antnta h n and intelligible manner. The 
facts and ideas are well arranged, and prescn ed n a c ear and aimptc style, 
aooompanied by beautiful engraving, and aep esuma ha work will be regard- 
ed as indispensable by all who ate int reati-d n a know edge of the coasttuo- 
tion of railroada and rolling stock, or the working of looamotireB." — ScUatiJic 
American. 



p 




^ 




8 _ SCIENTIFIO BOOKS PUBLISHED BY 




Henricrs Skeleton Structures. 




Bvo. Cloth. #1.50. 






BEELETON STRUCTURES, eBpecially in their Application to 






the building of St«el ami Iron Bridges. By Olaos H«KBict. 






With folding plates and diagrams. 












particiilHT application (or Suspeniod Bridges, to Eni^neara, I renturs to ex- 






press tho hope that thay will receive those theorotieal resulta with Homo conS- 




1 






1 


cbI resulu. 0. U. 


/ 


Useful Information for Railway Men. 




Pocket £orm. Morocco, gilt, f 2.00. 




■ 


Compiled by W. G. Hamilton, Engineer. Sixth edition, revised 






and enlarged. 570 pagea. 






" It Embcidiea many valuable formulae Knd recipes useful for railway men, 


1 




and, indeed, for almost every claas of persooB in tho world. The ' informa- 






tion ■ comprises some valuable furmulie and rules for the eonstruntion of 






hoilers and engines, masonry, properties of steel and iron, and the BtmnglJi 




^ 






The Meclianic's Friend. 




ISmo. Cloth. 30U Illustrations. |1.50. 


1 




THE MECHANIC'S FRIEND : A Collection of Receipts and 






Pmctical Suggestions, Relating to Aquaria — Bronaiiig — 






Cementa — Drawing — Dyes — Electricity — Gilding — Glasa- 






Workiug — Glues — Horology — Lacquers — Locomotiyes — Mag- 




1 


netism — Metal- Working — Modelling — Photograpliy — Pyro- 






tecliny — Railways — Solders — Steam-Engine— Telegraphy — 






Ta.'ridermy — Vamiahes — Waterproofing — and MisoelJaneona 






Tools, Instmments, Machines, and Prneessps connected with 
the Chemical and Mechanical Arts. By William E. Axon, 
M.E.S.L. 




L 


^^^^^^^^H 


i 



D. J'-IA^ N^OSTIiAND. 
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Zirkwood on Filtration. 

4to. Cloth. « 15.00. 

HEPORT ON THE FILTEATION OF EIVEE WATEE6, for 
the Supply of Cities, au prantiaed in Europe, maile to the Board 
of Water Commissioners of the City of St Louia. By James P. 
KiRKWooD. lUustrated by 30 double-plat« engravings. 

CoNTKNTB. — Report OH Piltration — London Works, General — Chelsea 
Water Works and Fi Iters— Lambeth Water Works imd Filters— Soathwark 
and Vaniliall Water Works and Filters— Grand Jnnction Water Works and 
Filters— West Middlesex Water Works and FUterB— New River Water 
Works and Filt<^rs— East London Water Works and Filters— Leicester Water 
Works and Filters— York Water Works and Filters— Liverpool Water Worlci 
and Fillers— Edinhurgli Water Works and Filters— Dublin Water Works 
and Filtera- Perth Water Works and Filtering Gallery— Berlin Water 
Works and Filter* — Hamburg Water Works and Reservoira — Allona Water 
Works and Filters — Tours Water Works and Filtering Canal — Angers Water 
Works and Filtering GaUoriea— Nantes Water Works and Filters- Lyons 
Water Works imd FUtering Galleries — Toulouse Water Works onii FOtering 
Galleries- Maiseillea Water Works and Filters — Genoa Water Works and 
Filtering Qalleries— Leghorn Water Works and Cistema— Wakefield Water 
Works and Filters — Appendix. 



Tunner on Roll-Turning. 

1 voL 8vo. and 1 vol. plates. $10,00. 

A TREATISE ON ROLL-TURNING FOR THE MANUFAC- 
TURE OE IRON. By Peteb Tunskr. Translated and adapted. 
By JoHH B, Pbarsb, of the Pennsylvania Steel Works. With 
nwmerons wood-cuts, Svo., together with a foHo atlas of 10 litho- 
g^phed plates of Rolls, Measurements, &c. 

" Wo commend this book as a clear, elaborate, and practical treatise upon 
the department of iron manufacturing operations to which it is devoted. 
The writer states in his preface, that for twenty-five years he has felt the 
nocesaily of such a work, and has evidently broug-ht to its prepanitum tbe 
fruits of eiperience, a painstaking regard tor accuracy of statement, and a 
desire to fumiah information in a style readily understood. The book should 
be in the hands of every one interested, either in tbe ^^neral praotic.e of 
mechajLieal engineering, or the special branch of manufocturiiig operations to 
which the work relates.'' — American ATiiaan. 
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Jacob on Storage Reservoirs. 



THE DESICxNING AND COXSTHUCTION OF STORAGE 
RKSEKVOIRS. By Authur Jacod, B. A. With tables and 
wood-cuta repreeenting eectious, etc. 



Hewson on Embankments. 

Svo. Cloth. $3,00. 
PEINCTPLES AND PRACTICE OF EMBANKING LANDS 
froui River Floods, as applied to the Levees of the Missisaippi. 
By William Hewson, Civil Engineer. 

" This is a Yiluable treatise on the principles and praotica of embanking 
Innda from river fliiuda, ns applii^d to the Lovees of tlio Missisetppi, by u liighlj- 
intelligcnt and expciienced caginoer. The author says it ia a first attempt 
to rednce to order and to rate the design, eieoution, and meiuirrement of the 
Laveea of the Miuissippi. It is a most useful and needud contribution to 
icientific Uteratore, — Philade!phia Etxming Jimmal. 



Griiner on Steel. 



8vo. Cloth. $3.50. 
THE MANUFACTUHE OF STEEL. By M. L. QRruEa, trans- 
lated from the French. By Lenox Smith, A. M., E. M., with na 
appendix on the Beaeemer Process in tlie United States, by the 
translator. Eluatrated by lithographed drawings and wood-cuts. 

" The purpose of the work is to present a careful, elabomto. and at the 
same time pr.u:tical elimination into the ph/sioal properties of steel, aa nrell 
aaa description of the new processes and mechanical apptiftnoos for its masufoo- 
turo. The information which it contain)!, gathered from many tnistwortlij' 
BODToeB, will be found of much value to the American steel manufacturer, 
who may thus aoquiunt himself with the resulta of oarefnl and elaborate ex- 
periments in other oountrios, and botler prepare himself for successful com- 
petJtion in this important industry with foreign makers. Tho fact that tliia 
volume is from the pea of ono of tho ablest metallurgists of tho proseut day, 
fannot fail, wo think, to secure for it a favorable consideration. — Iron Age. 



D. VAUr NOSTRAND. 



Bauennan on Iron. 

13mo. Cloth. $2.00, 

TKEATISE ON THE METAIAURGY OF IRON. Contain- 
ing outlines of the History of Iron Manufacture, methoda of 
Assay, and analysis of Iron Orea, processes of manufacture of 
Iron and Steel, etc., etc. Dj H. BiUEBMiif. Firat American 
edition. Eevieed and enlarged, witli an appendix on the Martin 
Process for making Steel, from the report of Abram S. Ilewitt. 
Illustrated with numerous wood engravinga. 

" This is an important addition to the Block of toohnicnl works published in 
this couiitr7. It embodieB the latest fictB, discoFerieB, and processes can- 
n«ct«(I with the manufacture of iron anil steel, and should be in the hands of 
ererj person interostcJ in tho subject, as well as in all toclinicul and scientific 
librarieu." — Utieaiijie Americnn. 



Link and Valve Motions, by "W. S, 
Auchinoloss. 

Sixth Edition. »vo. Cloth. $3.00. 
APPLICATION OF THE SLIDE VALVE and Link Motion to 
Stationary, Portable, Locomotive and Marine Engines, with new 
and simple methoda for proportioning tho parta. By WiLLiiM 
S. AucHi.NCLoas, Civil and Mechanical Engineer. Designed aa 
a hand-book for Mechanical Engineers, Master Mechanics, 
Draughtsmen and Students of Steam Engineering. All dimen- 
sions of the tqIto are found with the greatest ease by means of 
a Printed Scale, and proportions of the link determined witkout 
^& aaaiatnace of a model Itlnstrated by 37 wood-cuts and 21 
hthographic plates, together with a. copperplate engraving of the 
Travel Scale. 

All the matters we have mentioned are treated with a clearness and absence 
of unnaceaaary verbiagB whicb renders the work a peculiarly valuable one. 
Tho Travel Scale only rcqnirea to be known to be appreciated. Mr. A. writes 
so ably on his subject, we wish he had written more. Lartdon JUn- 
gine&ring. 

We have never opened a work relating to steaiii whieh seeined to as better 
calculated to ^ve an intclli^nt mind a olear understanding of the depart- 
ment it diacuassa. — Seientifie Ameriean. 
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Slide Valve by Ecoentrios, by Prof. 
C. "W". MacCord. 

4to. lUuBtratad. Cloth, 14.00. 
A PRACTICAL TREATISE ON THE SLIDE VALVE BT 
EOCENTEICS, examining by methods, the action of the Eceen- 
bio upon the Slide Valve, and explaining the praetical proces- 
eea of laying out the movements, adapting the valve for ite 
varioua duties in the ateam-engias. For the use of Engiueera, 
Draughtsmen, Machinists, and Students of valve motions in 
general. By C. W. llAcCoftn, A. M., Professor of Mechanical 
liruwiug, Stei'ens' Institute of Technology, Hoboken, N J. 



Stillman's Steam-Engine Indicator. 

IHino. Cloth, $1.00. 
THE STEAM-ENGINE INDICATOR, and the Improved Mano- 
meter Steam and Vacuum Gauges ; thetr utility and application 
By Paul SiiLLa*N. Now edition. 



Bacon's Steam-Engine Indicator. 

I2mo. Cloth. $!.0O. Mor. $1.50. 

A TREATISE ON THE RICHARDS STEAM-ENGINE IN- 
DICATOR, with directions for its use. By Charles T. Poetek. 
Revised, with aotea and large additions as developed by Amer- 
ican Practice, with an Appendix containing useful formulto anA 
rules for Engineers. By P. W. B.icon, M. E., Member of the 
American Society of Civil Engineers. Illustrated. Second Edition. 
In this wiirk. Mr. Porter's book bus been bikon as tho baais, but Mr. Bii«oci- 

has adapted it to American. Friu^tice, and has conferred a great boon oxi 

Aniericim Engineers. — AT%i>afi. 



Gillmore's Building Stones. 

8vo. Cloth. *1 50. 
REPORT ON STRKXGTII OF THE BUILDING STONES 
IN THE UNITED STATES, Etc. 



jy. VAX KOSTIIAN'D. 



Grillmore's Limes and Cements. 

Fifth Etlition. Jlevlsel and Enlarged. 

8vD. Cloth. 8400. 

PRACTICAL TEEATISE ON LIMES, HTDEAULIO CE- 
MENTS, AND MOETARS. Tapera on Practical Engineering, 
U. S. Engineer Department, No. !), containing Eeporta of 
numerous expevimenta conducted in New York City, dnring the 
years 1858 to 1861, inclusive. By Q. A, Gillmoue, Lt.-Col. 
U. S. Corps of Eagiueera, Brevet Major-Oencrul U. a. Army. 
With nnaieroas illustrations, 

"This work contains a racorcl of certain experiments and reBearohea mode 
nnder the authority of the Tngineer Euteiiu of tlio War Department from 
1858 to 1361, open the Tarioua hydniulic cements of the United States, and 
the materials for their miumfacture. The experiments were carefully made, 
and are well reported and compiled. ' — Jouriud FeiinJcUn, Iiistiliile. 



Gillmore's Ooignet Beton. 

8to. Cloth. $3.50, 

COIGNET BETON ANT) OTHER ARTIFICIAL STONE. By 

Q. A. GiLLsroEE, Lt.-Ool. TJ. S Coi-ps of Engineora, Brevet 

Major-Goaeral U. S. Army. 9 Plates, Views, etc. 

Thia work dBscribes with CDoBiderable minuteness of detail the several kinds 

of artificial stone in moHt general use in Europe and now beginnings to bo 

introduced in the IToited States, discusses their properties, relative merits, 

and cost, and describes the materials of which they uro composed 

The subject iaono of epeoial and jfrowin^ iatoreat, anJ we commend the work, 
embodying oa it does the matured opinions of an eiperianeed engineer and 



Gillmore on Roads. 



13rao. Qoth. In Press. 



A PRACTICAL TREATISE ON THE CONSTRUCTION' 
OF ROAIJS, STREETS, AND PAVEMENTS. By Q. A- 
GiLLMoiiK, Lr.-Cul. U. S. Corps of Engineers, Brevet Majoi 
General U. 8. Army. 
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"Williamson on the Barometer. 

*to. Cloth, ftri.oo. 
ON THE USE OF THE EAROMETEK ON STTRVETS AND 
ItECONXAISSA>'CES. Tart I. lleteoroloi,'y in ila Corinec- 
tion with Hypeometry. I'art IL Barometric llj-psometry. By 
R. 8. WiUJAMsos, Brt. Lieut.-Col. U. S. A., Major Corps of 
EngijieerB. With Illustrative Tables and Engravings. Paper 
No. 15, Professional Papers, Corps of Engineers. 

" San FnAKCisco, Cai,., FA. 27, 1807. 

" Gan. A. A. HUMPHKBTS, Chief of Engineers, U. S. Army ; 

" GkkekaL, — I have tlie honor to aubmU to you, in the followiiig pageg, the 
rasults of my iiivcsCii^tiuns in mcteotology and hypaametrj, mode with tha 
Tiaw al oaoerUunint; hoir far tho boromotcr can be used as a reliable instiu- 
meat for detormiiiin(f ultitude* on eitended linoa of BorrBy and reconaaii- 
ntnues. Tboae inreatigatlaua hare oocupiud the leisure permitted me from my 
profoMiODiil duties during tho Inat ten years, anil I hopetha results will be 
deemed of lufSoicDt value to h»ve a place aaaigned them among tho printed 
profMUanal pnpcrii of tbo United States Corps of Engi;icerH. 
" Very respectfully, your obedient Bervanl, 

" R. S. WILLIAMSON, 
"Dvt. Lt.-Col. XJ. S. A,, Major Corps of U. B. Engineers." 



Von Cotta's Ore Deposits. 

8to. Cloth. 1400. 
TREATISE ON ORE DEPOSITS. By BKasHASD Toif Cotta, 
Profeaeor of Geology in tho Royal School of Mines, Freidberg, 
Sniony. Translated from the second German edition, by 
Fbedeeice Pbtue, Jr., Mining Engineer, and revised by tha 
author, with nuiaerous illuEtrations. 



" Prof. Von Cotto of the Freiberg School of Mines, is the author of the 
best modern treatise on ore deposits, and we are heartily glad that this ad- 
mirable work has been translated and published in this country. The trana- 
latjir, Mr. Frederick Prime, Jr., a graduate of Freiberg, has had in hia work 
tho great advantage of a Tevision by the author himself, who declares in a 
prefatory not« that this may be considered as a new edition (the thirdj of his 

" It ii tt timely and welcome contribution to the literature of mining in 
this country, and we ore grateful to the translator for his enterprise and good 
judgment in undertaking' its preparation ; while we reoognizo wili equal coi^ 
diality tho liberality of tbo author in granting both permission and assiat- 
»nBa."—EtiTacifram Rtciea m EagiTietrins and Mimng Jtmrmil. 
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Plattner's Blow-Pipe Analysis. 

8eo!nd edition. Heyiaed. 8Vo. Cloth. fT.OO. 

PLATTNER'S MANUAL OF QUALITATIVE AND QUAN- 
TITATIVE ANALYSIS WITH THE BLOW-PIPE. From 
tlie last GBrm;m editios Eovisacl and enlarged. Bj Prof. To. 
EicHTEB, of tho Itoyal Saxon Mining Academy, Translated by 
Prof. 11. B. CoESWALt, Assistant in tlio Columbia School of 
Mines, NewTork; assisted by Jonx 11. C.ibwell. Illustrated 
with eighty-seven -wood-cuts and one Lithographic Plata, 500 
pages. 

" Plattner's celeblafcd ■work has Ions' Iwon recognised aa the only complete 
boot on Elow-PipB Analyaifl, The fourth German edition, edited by Prot. 
Eiohter, fully suataina tho reputation whinh the earlier editionfi acquired dnr- 
inj^T '^'° Ufotimc of tho anttior, and it ia a source of great Batisfaction to ua to 
know that Prof. Richter haa oo-operateJ with the translator in isauinij the 
American edition of the work, which is in fLict a fifth edition of the orl^nal 
work, being £ir mors complete than tho List Oormau edition." — SllliTlutn't 
Journal. 

There ia nothings bo complete to be found in the English langnoge. Platt- 
ner'a book U not a mere pocket edition ; i t i j intended as a comprchcnsiTe guide 
to all that is at present known on tho blow-pipo, and as such ia really indi»- 
penaablo to teachers and adyanocd pupils, 

" Mr. Comwall's edition is something more than a tranalation, aa it contains 
many corrections, emendations and additions not to be found in the nriginal. 
It is a decided improveraent on the work in il« German dross." — Journal of 
Applied Cheminirn. 

Egleston's Mineralogy. 

8to. Illustrated with 34 Lithographio Plates. Cloth. $4.50. 

LECTUEES ON DESCRIPTIVE MINERALOGY, Delivered 
at the School of Mines, Columbia College. Br Peopsssor T. 
Eglesion. 

These lectore* are what their title indioates, theleoturvs on Uinsralagr 
delivered at the School of Mines of Columbia College. They have been 
printed for tho students, in order that more time might be giveu to tho vari- 
ous methods of eiaminiiig and determining minerals. The aeeond part has 
only been printed. The first part, eompriaing crystallography and phyaioal 
mineralogy, will be printed at some future time. 
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Pynchon's Chemical Physics. 

Hew Edition. Beviserl anil Enlttrged, 
Crown 8to. Clotk $J.O0. 
INI'RODUCTION TO CHEMICAL PHYSICS, Designed for tlie 
Ueo of Academies, Collegea, and High Schools. Illustrated with 
numerous engravings, and containing copious eiperimt^nta with, 
directions for preparing them. By Tnonia Bdooles Ptm'ctios, 
M.A., Professor of Chemistry and the Natural Sciences, Trinity 
College, Hartford. 

Hitherto, no work Buitablo for general use, treating of all these Hobjeots 
within the limits of n single volume, coull bo foiiad ; canaequimtly the atten- 
tion tbey have roooircd has not boon at all proportionate to their impartance. 
It 13 beltored tliat a book containing no muuli Vjiluable information within w 
■rniilJ 3 cimpass, cannot fail to meet with a ready eale among all intelligent 
persons, while Profcasionul men, Phyaiciana, Medical Students, Fhatograph- 
era, Telegmpheni, Engineers, and Artisans generally, wili find it specially 
valnable, it not nearly indispensable, as a book of reference. 

" We Etrangly recommend this able treatise to onr readers as the first 
work ever published on the subject free from perplexing technicalitios. In 
■tyla it is pore, in descriptioii graphic, and its typo^aphical appearance in 
artistie. It is altogether a most cscellent work."^ — Bcleetio ITedkitl Journal. 

" It treats fuUy of Photography, Tol^raphy, Steam Engines, and tba 
TarioQS applications of Eleotridty. In short, it is a carefully prepared 
Tolnme, abreast with the latest aciaatific discoveiiea and inventions. ' — Hort- 
Jard Courant, 

Plympton's Blow-Pipe Analysis. 

12mo. Cloth. $1 50. 
THE BLOW-PIPE : A Guide to Its Use in the Determination, 
of Salts and Sliuerals. Compiled from various sources, by 
Oeorgg W. PtyMPTON, C.E,, A.M., Professor of Physic^ 
Science iu the Polytechnic Institute, Brooklyn, N", Y. 



" This manual probably has no miperiar in the English limgns^ ae a text- 
book for beginners, or as a guide to tho student working without a teacher. 
To the lattur many illustrations of tho utensils and apparatus required in 
using the blow-pipe, as well as the ful!y illnstrated description of the blow- 
pipe flame, will bo especially sarviceablo."— Jem Tvrk TeacJier. 



D. VAN NOSTRAND. 
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Dubois' Q-raphical Statics. 

8vo. 60 UIuBtratioxiB. Cloth. |2.(X). 

THE NEW METHOD OP GEAPHICAL STATICS. By 
A. J. Dubois, OJEl, Ph.D. 



Grases in Coal Mines 

18mo. Boards. 60 cts. 

A PEACTICAL TREATISE ON THE GASES MET WITH 
IN COAL MIXES. By the late J. J. Atkinson, Govern- 
ment Inspector of Mines for the County of Durham, England. 



Watt's Dictionary of Chemistry. 

Supplementary Volume. 

8to. Cloth. $9.00. 

This Yolume brings the Booord of Chemical Discovery down to the end of 
the year 1S09, includin«^ also several adiitiona to, and corrections o^ former 
results which have appeared in 1870 and 1871. 

*^ Complete Sets of the Work, New and Itevised edition, including' above 
supplement. G vols. 8vo. Cloth. $62.00. 



Hammelsberg's Chemical Analysis. 

8vo. Cloth. $2.25. 

GUIDE TO A COURSE OF QUANTITATIVE CHEMICAL 
ANALYSIS, ESPECIALLY OF MINERALS AND FUR- 
NACE PRODUCTS. Illustrated by Examples. By C. F. 
Rammeubebo. Translated by J. Towleb, M.D. 

This work has been translated, and is now published expressly for ihoM 
students in chemistry whose time and other studies in colleges do not permit 
them to enter upon the more elaborate and expensive treatises of Freflenins 
and others. It is the condensed labor of a mastor in chemistry and of a prac- 
tical analyst. 
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Eliot and Storer's Qualitative 
Chemical Analysis. 

New Edition, ltevi»ed, 

IBmo. niUBtratod. Cloth, tl.SO. 

A COMPENDIOUS MANUAL OF QUALITATIVE CHEJO. j 
CAL ANALYSIS. By CnAttLEs W. Eliot and Fn*SK H. Stokee. 
Bevised vrith tho Cooperation of the Authors, hy Wiluam Eip- 
LEr NicHou, ProfesGor of ChemiBtry in tbe Uoaaachusetts Insti- 
tute of Technology. 

" This Uonunl has great merits ai a practical iiLtroductian to the adcnOB 
sad the &rt of which it treatg. It containi enough of the theory imd pnuttiov 
of qualitative analjtsig, " in the Wet way.' to bring' oat all the rciuonlng in- 
Tolyed in the acienoe, nad to present ulearly to the student the most approred 
methods of the art. It is specially adapted tor eiDrciaus and cijierimenta in. 
the laboratory; and yet it* classifications and manner of treatment are 
systematic and logical throughout, as to adapt it in a high degree to th 
bi<;her class of students generally who desire an accurate bnowlcd^ of ti 
practical methods of arriTing at scientific facts." — Lalheraa Obierca: 

" We wish every academical class in tho land could liave the benefit of the - 
fifty eiereises of two hours each necessary to master this book. ChemistlT' ' 
would cease to he a mere matter of memory, and become a pleasant expe^^i 
mental and intellectual recreation. We heorttly commend this tittle v< ~ 
to the notice of thote teachers who believe in using the scienuea as mm 
mental discipline." — CoUege Courant. 
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Craig's Decimal System. 

Square 3'Jma. Limp. CiDo. 

WEIGHTS AND MEASUEES. An Account of the Demn 
System, with Tables of Conversion for Commercial and Scieatifiii. 
Uses. By B. F. Cbaio, M. D. 

" The most lucid, aoonrote, and useful of all the hand-books on this subject 
that wo have yet seen. It gives forty-seveD tables of comparison between thO' 
English end French denominations of length, area, capacity, weight, and tbi 
Centigrade and Fahrenheit thermometers, with clear iustrnctious buw to naft 
tllvm ; and to this practical portion, which helps to make tlie tranfii&m, ■ 
passible, is prefixed a scientttic explanation of the errors iit the metri 
^s^m, and how they may be oorreoted in tho laboratory.'' — Naiioa. 
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Nugent on Optics. 



13m,o. Cloth. *3.00 

TBEATISE ON OPTICS ; or, Light and Sight, thooreHcally and 
practically treated ; irith the application to Fine Art and Indus- 
trial Pursuits. By E. Nuoemt. With c 
illuetrations. 



a hundred and tbre 



"ThiB book 
■Ignml to affi>nl 
oatiooB of tha soi 



iticttl rather than 
1 complatfl Infom 
-Bound TaAlx. 



n theoretical Idnd, and is de- 
tiou to all interaBted in appli- 



Barnard's Metric System. 

8vo. Brown eloth. |3.00. 

THE METRIC SYSTEM OF WEIGHTS AND MEASURES. 
An Addreaa delivered before tha Convocation of the University of 
tlie State of New York, at Albany, August, 1871. By Fuedekick 
A. P. Baesakd, President of Columbia College, New York City. 
Second edition from the Kemed edition printed for the Trustees 
of Columbia College. Tinted paper. 

" It i» the best Bummary of the arguroentu in fiTcr of the metrio Treighta 
Uid Ineasures with whioh we aca acquainted, not only beoauae it oontaina in 
■raall space the laading facta of the case, but. beoauae it puts the udvocaoy of 
th&t ■jBtcm on the only tenable grounds, namely, the great oonveniencc of a 
decimal notation of weight and meoauro ss well aa money, the value of inter- 
national uniformity in the matter, and the fact that this metric system Ib 
•doptad and iu general nse by tha majority of civilized nations." — 7'he JViriwn. 



Butler on Ventilation. 

16mo. Boards. SO cts. 

VENTILATION OP BUILDINGS, By W. F. Butler. 
Illustrated, 

" As death by insenslblB gufTocatton is one of the prominsnt causes which 
iwell our bills of mortality, we commend this book to the attention of philan- 
thropists as well as to ardUtocts."— Boston Globe. 
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Harrison's Mechanic's Tool-Book. 

12mo. Cloth. tl..>0. 
MECHANIC'S TOOL BOOK, with practical rules and Bu^eBtfc 



and others. By 1 
Artisan." 



fgr the use of Machinists, Iron Worki 

H.uiEiiAny, Associate Editor of the " Ai 

ted with 44 engravings. 

" Thifl work ii apeoiall}- odupttd to meet the Tonts of Uaohinuts and yt 
eiB in iroa genBToIlT'. It ia nuido Dp of the vork-dajr eiperien 
gent and ingeniona mechuuc, who hud the farult}' of adapting tooLi Ic 
purpuBeB. The practicahklity of iiis plana and suggestionB s 
eyai to the unpraotieed eje bf a iteries of well-exeuuted wood engravii 
PluUiddpkia Inquirer. 



Pope's Modern Practice of the Eleo 
trie Telegraph. 

KiolL E.'ltion. Svo. Cloth $2.00. 

A Hand-boolt for Electricians and Operators. By FB:tNit L. ] 

Sefiinth edition. ^Keviited and enlarged, and fullj illuateatQi 

Extract from Letter of Prof. Morse. 
" I bare had time only cimorilf to examine its contents, but thii ta 
tion bus resulted in great gratifiDatioD, eBpecinlly at the faimesa 8 
jadiued tone of your whole work. 

" Your illBBtrated diagrams are admirable and beautifully executed. 
" I think all yoor instniotinna in the use of the telegraph apparatua 
Dordiolly wiah you auooDBa." 
I Letter i^ Prof. 0. W. Ilmgh, of the Ihidlen Obaa 
other work of thia kind in the English longnoge tl 
muflh pructioa.1 infnnnation in tiia app 
It ahould lie in the bands of ev 
if Batteries for other purposea." 

graphic Apparatios. 




APPAEATl 



3vo. Cloth. ja.OO. 

THE TELEGEAPHIO 
•B^OESSES IN TELEGAPHY. By i 
.,9)., TJnitod States Oommiaaioner Paris Unive 
,'lb67. 
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Sabine's History of the Telegraph. 

13mo. Cloth. 11.35. 
HISTORY AND PROGRESS OF THE ELECTRIC TELE- 
GRAPH, with Descriptions of Homo of the Apparatus. By 
RoBEBT SiBiNG, C, E. Second edition, with ailditione. 

CoNTEKTS. — I. Enrly ObaervatioiiH ot Electrical Phenomena. H. Tele- 
grapha by FrictiDnal Eleotrieity. IIL TelegmphB by Voltaio Eleotrioity. 
rV. Telegraphs by Eleotro-MagnetiBm and Magnoto-Electrioity. V. Tele- 
gfupha now in use, VI. OTBrliettd Lines. VTI. SuhniariiiB Telegraph Lines. 
VUL Underground Telegrnplu. IX. Atmospheric Electricitj. 



Haskins' Galvanometer. 

Pocket form. IlluatraUid. Blorocco tucke, (2,00. 

THE GALVANOMETER, AND ITS USES; a Manual for 

Electriciitus and Students. By C. H. Haskins, 

" We hope this eicullent little nork will meet with the B»le lt« merits 

entitle it to. To every telegrapher who onnH, or naes a QalraDometer, or 

ever eipectB to, it will bo quite iDdlepeniuible." — The Telegrapher. 



Culley*s Hand-Book of Telegraphy. 

8vo. Cloth. |5.00. 

A HAND-BOOK OF PRACTICAL TELEGRAPHY. By 

E. S. CfLLEY, Engineer to the Electric and International 

Telegraph Company. Fifth edition, rciised and enlarged. 



Foster's Submarine Blasting. 

4to. Cloth. 13.00. 

SUBMARINE BLASTING in Boston Harbor, MasBaohuaetts— 

Removal of Tower and Corwin Rocks. By Jobw G. Fosibb, 

Lieutenant-Colonel of Engineers, and Brevet Major-General, U. 

8, Army. Illustrated with eevan plates. 

List of Plates.— 1. Sketch of the Narrows, Boston Harbor. 3. 
Townaend's Subnuirine Driliinf^ Miuihine, and Working Vessel attending. 
S. Submarine Drilling Maaliine employed. 4 Details of Drilling Uacbine 
employtU. 5. Curtridj^s itnd Tuiupinif uaod. (!. Fused und IiuiuljiMd Wires 
used. T. Portable Friction Battery uacd. 
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Barnes* Submarine Warfare. 

8ro. Clotb. f5.00. 

SCrBM.UtINE WARFARE. DEFENSIVE AND OFFENSIVE. 
Comprising a full and complete History of tlie Invention, of the 
Torpedo, its employment in War and results of its use. De- 
ecriptioQs of the Tarious forms of Torpedoes, Submarine Batteries 
and Torpedo Boats actually used in War. Methods of Ignitioa 
by Machinery, Contact Fuzes, and Electricity, and a full account 
of experiments made to determine the Esplosive Force of Gi^i- 
powder under Water. Also a discussion of the Offensive Torpedo 
system, its effect upon Iron-Clad Ship systems, and influence upon 
Future Naval Wars. By Lieut. -Commander Johm 8. B.tasm, I 
U. S. N. With twenty lithographic plates and many wood-cute, | 

" A book important to military men, and especially no to engineera and ar- 
tillcrisU. It ouusiati of itn examination of the various offonaive and ilcfcnaire 
engines that have been conirired for submarine hostilities, includlog a diaons- 
sion of the torpedo system^itfl effects upon iroo-ctad Hhip-ayatems, and i\a 
probable inSuence upon future narol wars. Platen of a valuable uharacter 
aocompany the troatine, whict affords a useful history of the momcntona Bub- 
jai>t il disousiefl. A great deal of useful information is collected ic its pages, 
eepoeially conneming tho iaventiona of SCUOLL and Vkkdu, and of Jones' 
and Hunt's Ijatteries, as well as of other similar maeliineB, and tho use in 
submarine operatiooa of g^in-oottoQ and nitro-glyoeruie." — N. T. Timet. 



Randall's Quartz Operator's Hand- 
Book. 

ISmo. Cloth. f3.00. 

QUARTZ OPERATOR'S HAND-BOOK. By P. M. BiaD.ui. 
New edition, revised and enlarged. Fully illustrated. 

Tho objGot of this work has bGCn to present a olear and oompreheasive ex- 
position of mineral voiaa, and the means and modes chiofly em[)loyed for tho 
mining and working of thsir ore*— more especially those containing gold and 
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MoOulloch's Theory of Heat. 

8vo. Cloth. In Press. 

AN ELEMENTARY TREATISE ON THE MECHANI- 
CAL THEORY OP HEAT, AXD ITS APPLICATION 
TO AIR AND STEAM ENGINES. By Prof. R. S. Mo- 

CULLOCH. 



Benet's Ohronoscope, 



Second Edition* 

niustrated. 4to. Cloth. $3.00. 

ELECTRO-BALLISTIC MACHINES, and the Sohultz Chrono- 
scope. By Lieutenant-Colonel S. V. Bknet, Captain of Ordnance, 
XJ. S. Army. 

Contents. — 1. Ballistic Pendulum. 2. Guu Pendulum. 8. Use of Elec- 
tricity. 4. Navez' Machine. 5. Vi^ottrs Machine, with Plates. 6. Bcnton*8 
Electro-Ballistic Pendulum, with Plates. 7. Leur*s Tro-Pendulum MimliiTi^ 
8. S«hultz*8 Chronosoope, with two Plates. 



Michaelis' Chronograph. 

4to. Illustrated. Cloth. $3.00. 

THE LE B0ULENGJ6 CHRONOGRAPH. With three Hiho- 
graphed folding plates of illustrations. By Brevet Captain E. 
MiCHAELis, First Lieutenant Ordnance Corps, U. S. Army. 



«< 



The excellent monograph of Captain Michaelis enters minutely into ths 
details of construction and managt3ment, and g^ves tables of the tiaiesof flight 
calculated upon a g^ven fall of the chronometer for all distances. Captain 
Michaelis has done good sorvice in presenting this work to his brother offlcers, 
describing, as it does, an instrument which bids ^r to bo in oooHtant use in 
our future ballistic experiments.' — Army and Navy JoumaL 
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Silversmith's Hand-Book.. 

Fourth Edition. 

llluatratM. 12mo. Clotk $3,0a 

A PRACTICAL HAND-BOOK FOK MINERS, Metftllai 
and Aaaayers, comprising the moat recent improvomenta i 
disintegration, amalgamation, smelting, and parting of ■ 
Precious Ores, with a f'omprehensive Digest of tlio Mini 
Laws. Greatly augmented, reriaed, and corroptod. By J 
SiJ-VEBSsriTn. Fourth edition. Profusely illnstratod. 1 
I2mo. Cloth. $3.00. 

One of the moat important features of this work is tliat Id 
metallur^ of tho prciciDUS mctalH U treated ol In it the author hns et 
ored ta embody b11 the proceraes for the reduction and roanipnlBtion o1 
precious oren heretofure BUCcesHfullf omploy ed in Oermuny. England, I ~ 
And the United States, together with such as have been more recently in 
&nd not yet fully tested — all of whioh are profuaely illuatrated and b 



Simms' Levelling, 

8to. Cloth. t2.50. 

A TREATISE ON THE PRINCIPLES AND PRACTICE 1 
LEVELLING, showing its application to purposes of K^m 
Engineering and the Construction of Roads, &c. By Fkedei 
W. Siuvs, C. E. From the fifth London editiou, reriaed a 
corrected, with the addition of Mr. Law's Practical Examplea 
Setting Out Railway Curves. Illustrated with three litht^irapt 
plates and numerous wood-cuts. 

" One of the most important text-books for the general snTreyor, ai 
is acarcely a question connected witti levelling for which a solution w 
sought, but thut would be satisfactorily answered by atmsulting this rolni 
— Mining Jaamal. 

"The tpit-book on levelling^ in most of our engineering sohoola ai 
leges."— iinffine«-j. 

'■ The publiehera have rendered a snlistantial service to the pi 
eapccially to the younger tnomWrB, by brin;;ing out the present e 
Ifr. Simms useful wort." — Engineering. 
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Stuart's Successful Engineer. 

ISmo. Boards. GO cents. 

HOW TO BECOME A SUCCESSFUL ENGINEER: Being 

Hints to Youths intending to adopt the Profesaion. By 

BER!f ABD Stdabt, Engineer. Sixth Edition. 

" A valaable llnle book of eound. e^niible ndvico to yonng men wlio 

vriBh to rise in tlie moat inaportani of the profeodonB." — Scienlijie American. 



Stuart's Naval Dry Docks. 

Twenty-four eni^aiTingB on steel. 

Fourth Eilttlon. 
ita. Cloth. 16.00. 

THE NAVAl DRY DOCKS OF THE UNITED STATES. 

By CH*fti.K3 B. SiOABT. Engineer in Chief of the United States 

Navy. 

Zist of lUuairaliotis. 

Piiraping- Engine and Pumpa — Plan of Dry Dock and Pump-Well — Sec- 
tions of Dry Dook — Engine Houaa— Iron Floating Oftte — Delaila of Floating- 
Gate— Iron Turning Gate— Plan of Turning Gate— Culvert Gate— FUliiig 
Culvert Gates — Engine Bed- Plate, Pumps, and Culvert— Engine Houao 
Hoot— Floating Sectionn! Dock— Detailg of Section, and Plan of Tura-TablBB 
— Plan of Basin and Marine Eailways- Plan of Sliding Frame, and Elevation 
of Pnmpa — Hydraulic Cylinder — Plan of Gearing (or Pumps and End Floats 
— Perapeutive View of Doct, Basin, and Railway — Plan of Boain of Ports- 
mouth Dry Dock — Floating Balance Dock — Elevation of TroiseH and the Us- 
chinery— Perspective View of Balance Dry Dock 



Free Hand Drawing. 

Profusely Illustrated. 18mo. Bokrda. GO centa, 

A GUIDE TO ORNAMENTAL, Figure, and Landscape Draw- 
ing. By an Art Student. 

CosTESTa.— Materials employed in Drawing, and how to use them — On 
Lines and how to Draw them — On Shading — ^Conoerning lines nnd shading, 
with applications of them to simple olemcntary subjeeta — Sketches from Nb- 
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Minifies Mechanical Drawing. 

XiiUh Edition. 

Roj-alavo. Cloth. M.™. 
A TEXT.BOOK OF GEOSIETRICAL DRAWING. for the i 
of Mechiinins and Schook, lu vhicli the Deliaitioaa and Bule» j 
Geometry are familiarly explained ; the Practical Frobteus I 

atratiged, &om t)ie most simple to the more complex, and in 
description technicalities are avoided as much as possible. 
illuHtrutions for Drawing Flans, Sections, and . 
Buildin}i;s and Machinery; an Introduction to Isometricol I 
ing, and an Essay on Linear Perspective and Shadows. 
trated with over 200 diagrama engraved on steel. By "S 
MiMiFiE, Architect. Eighth Edition. With an Appendix an, 
Theory and Application of Colors. 

" It ia tho beat work on Dr&wing- tliat we liavo ever seen, and in e# 
text-book of G«aiQetriisp.l DrnwiD); for the uae of Ueobanioe and Sc 
young Mediauic, Buoh an a. Machlaist, Enipneer, Ciibuiel-MBkur, J 
or Carpenter, should be without it.' — Sdentijie American. 

•• One of the most oompreheiuive works of the kind ever published, andd 
not but possess great value to builders. The stjle is ut onue elegejitandN 
Btoatiul. '— ftniwjicanta Inquirer. 

" Whatever is said is rendered perfeotlj' inteltigiblo by remarkably ■^ 
Dzeouted diagrams on steel, leaving nothing- for mere rogue suppoeititiD 
the addition of an introduction to isometriual drawing, linear 
the projection of ahaduws, winding up with a useful index tu techuiciil tc 
— OltsgoiB Mef-luiiiita' Journal. 

|S~ The British Government has authorized the use of this book ia. t) 
schools of urt at Somerset House, London, and throughout the kingdom, h 



Minifie's Geometrical Drawing. 

Hew Edition. Enlarged. 

J3mo. Cloth. |a,00. 
OEOMETBICAL DRAWING. Abridged from the octaro edi 

for the use of Schools. Illustrated with 48 steel plates. 

edition, enlai^ed. 

"It it well adapted aa a text-book of drawing to boused in our High Si 
and Academies where this useful branch of the fine arts has been 
much neglouted."— fttlon Journal. 
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Bell on Iron Smelting. 

8vo. Cloth. Jf!,0^ 
CnEMIOAL PHENOMENA OF lEON SMELTING. An ex- 
perimental and practical exaiuination of the circumstances which 
dyterriiine the capacity of the Ulast Furnace, the Temperature 
of the Air, and the Proper Condition of the Materials to be 
ojwrateil upon. By I. Lowthian Belt- 

Battershall's Legal Chemistry. 

niustraled. 12mo. Cloth. In press. 
LEGAL CHEMISTRY. A Guide to tlie dotection of Poieona, 
Fiilaiiicatioii of Writinga, Adulteration of Alimeiitaiy and 
PiiarmacDutical SuhBtancca ; Analysis of Ashes, and Examina- 
tion of Uair, Coins, Fire-Arma, and Stains, iia applied to 
Chemical Jurisprudence. For the nse of Chemists, Physi- 
cians, Lawyers, Pharmacists, and Experts. Translated with 
additions, including a list of books and memoirs on Toxi- 
cology, etc., from the French of A. Naquet. By J. P. Bat- 
TERsnALL, Ph.D., with a Preface by C. F. Chandleh, Ph.D., 
M.D., LL.D. 

King's Notes on Steam. 

nineteenth Edition. 

Bto. Cloth. S2.00. 

LESSONS AND PRACTICAL NOTES ON STEAM, the Steam- 
Engine, Propellers, &c., &c., for Toung Eng^eers, Students, and 
others. By the late W. R. Kino, U. S. N. Revised by Chief- 
Engineer J. W. S.ISO, U. B. Navy. 

" This is one of the best, beoaiua eminaatly plain and praoticsl treatises on 
Ae Steaiti Engino ever published. ' — Philadelphia Preta. 

This is the thirteenth edition of a vaJuable worh of the late W. H. King, 
TJ. S. N. It oontaina lessona and practical not«« on Steam and the Steam En- 
gine, Propellfra, etc. It is calculated to ba of great uao to young murine en- 
giaoers, students, and others. The text is illustrated and ciplained by nu- 
merouB diagrams and representations of machinery. —iJorfoo Daily jldner- 

Teil-book at tho U, S. Naval Academy, Annapolis. 
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Burgh's Modem Marine Engineeriu 



Clutti. $33.03. HnlfBi 



(iSO.m 



UODEHX MARINE ENGINEERING, ftppHed to Paddl© | 
Sorow PropuUion. Consisting of 3G Colored Plates, 1" ' " 
Wood-cut Illustrations, and 403 pagoa of DescriptiTe Matter J 
wliolo being an exposition of the present practice of tbe fol^ 
ing firms : Messrs. J. Penn & Sons ; Messrs. Maudslay, i 
Field ) Messrs. James Watt & Co. ; Messrs. J. & Q. Ilou^ 
Messrs. It Napier & Sons ; MesHrs. J. & W. DudgMa ; Mm 
Bavenliill & Hodgson ; Messrs, Humphreys £ Tenant ; 
J. T. Speacer, and Mesare. Forrester & Co. Bj N. P. BdH 
Engineer. 

PuraciPAL Contents. — Qeoeral Arrangementg of Engine 
— OeneraJ Arrangement oF Boilers, 14 examples ~ Cicneral ArrangeiitHi 
Suporlii-atfni, 11 enaiDplen — Details of 'OsoilUtiDg Paddle Enginoa, I 
unplee — ConiletiscrB for Screw Engines, both Injection and Surface, 2p'.| 
amplea — Dotuils of Screw Engines, 20 euunples — Cylindera and Dctik 
Screw Engines, SI einmples — Slide Valvea and Details, T examples 
Viilve, Link Motion, 7 examples —Eipansion Valves and Gear, 10 c 
plBB— Details in General, 30 einmples -Screw Propeller tind Fittings, II 
wnples Engine and Boiler Pittinge, 28 eiaraplea In relation h 
plea of the H^rine Engine and Boiler, 33 examplet. 

Notices of the Press. 

"Every coQceivuble detail of tlie Marine Engine, under all its t 
forms, is profnsely, and wo must add, admirably jlluatcated by a mulia|| 
of engravings, selected from the beat and most modern practice of th« Q 
Marine Engiacera of tlie day. The chapter on Condensers ia peonliarlj-^ 
able. In one word, there is no other work in eiisti nee which will bi 
moment's eompariaoa witli it as an exponent of the skill, talentund pi 
experience to which is due the splendid reputation enjoyed by many £ 
Marino "EugiDBea" — Engineer. 

" This very comprehensive work, which was iasued in Monthly pnrt% j 
juat been completed. It contains largo and full drawings und copiOBtrfl 
Bcriptioni of most of the best ciamplca of Modem Marine Engines, 
a comple(« theoreticul and practical treatiso oaths subject of Utuinel 
Keering."— ^nurifan Arliattv,. 

T.iij is tlio only edition of Uio abovB work with th» beiatifnlly o 
'^tei, gnd it is out of print in England. 
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Bourne's Treatise on the Steam En- 
gine. 

Ninth Editimn. 

niuBtrated. 4to. CToth. $15.00. 
TREATISE ON THE STEAM ENGINE in ita Tarious applica- 
tions to Minos, Mills, Steam Navigation, Railways, and Agricul- 
tiira, with the theoretical investigations roapecting the Motive 
Power of Heat and the proper Proportions of Steam Engines. 
Elaborate Tables of the right dimensions of every part, artd 
Praottcal Instructions for the Manufacture «ud Mauagemeut of 
every species of Engine in actual use. By Jons Boubsb, being 
the ninth edition of " A Treatise on the Steam Engine," by 
the "Artisan Club." Illustrated by thirty-eight plates and five 
hundred and forty-six wood-cuts. 

Aq Mr. Buume'a work has the great merit of avoiding unaound and immii- 
tnie vleWB, it may asColy be consulted by ull who arc reaUy desironB of ac- 
qniring tmstworlir information on the aubjeot of which it treats. Duriug 
tha twenty-two yoiira which havo elapsed from, the isBue of the first edition, 
the improveraenta introduced in the conatmction of the Bteam engine have 
tieen both numerous and iraportant, imd of there Mr. Bourne has taken eare 
to paint out the morB prominent, and to fumiah the render with such infor- 
mation la shall enable him readily to judge of their relative value. This edi- 
tion hia been Ihorooghly modpmLzed, and made to aocord with the opinions 
uid praotii^ of the more aucccsaful engineeis of the present day. All that 
tbe book professes to give ia given with ability and eviiient care, Tlio scien- 
tifi0priDeiplea which are pcnaanont are admirably explained, and reference 
& Jnade to many of the more valuable of the recently introduced engines. To 
expresa an opinion of the valuo and utility of such a work as The Artiaun 
Olufft Trciliee on, (As St&nn Kajine, which has passed through eight editions 
already, would be snperflnons ; but it may bo safely stated ihat the work \i 
worthy the attentive study of ull either enjfageii in the manufacture of steam 
anginea or interested in economizing the use of steam.— JJini/i;; JuUTiial. 

Isherwood^s Engineering Precedents. 

Two Vols, in One. 8vo. Cloth, $2,n0, 

ENGINEERING PRECEDENTS FOR STEAM M^VCHINERY. 

Arranged in the moat practioiil and useful manuer for Engineers. 

By B. P. IsEEKWooD, Civil Engineer, U, S, Navy. With illus- 

tratioas. 



Ward's Steam for the MillioiL 

New and Hevlsed Edititnu 

Svo. Cloth. $1.00. 

STEAM FOR THE MILLION. A Popular Treatise on Steam 
aud its Application to the Useful Arts, especially to Naviga- 
tion. By J. II. Wakd, Commander U. 8. Navy. New and re- 
vised edition. 

A most excellent work for the young engineer and general reader. Han j 
facta relating to the management of the boiler and engine are set forth with a 
rimpllcity of liinguago and perfection of detail that bring the sabject home 
to the reader. — American Engineer, 



"Walker's Screw Propulsion. 

Svo. Cloth. 75 oentii. 

NOTES ON SCREW PEOPULSION, its Eise and History. By 
Capt. W. H. Walker, U. S. Navy. 

Commander Walker's book contains on immense amount of concise praoti- 
cal data, and every item of information recorded fully proves that the yariouB 
points bearing upon it havo been well considered previously to expressing an 
opinion. — jA>ndon Mining Journal, 



Page's Earth's Crust. 

18mo. Cloth. 75 cents. 

THE EAETHS CRUST : a Handy Outline of Geology. By 
David Page. 

'* Such a work as this was much wanted — a work giving in clear and intel- 
ligible outline tho leading facts of the science, without amplification or irk- 
some details. It is admirable in arrangement, and dear and easy, and, at the 
same time, forcible in stylo. It will load, we hope, to the introduction of 
Qeology into many schools that have neither time nor room for the study of 
large treatises.** — The Museum, 
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Rogers' G-eology of Pennsylvania. 

3 Vols. 4to, with Portfolio of Mnpa. Cloth. $30.00. 

THE GEOLOGY OF PENNSYLVANIA. A Government Snr- 
Tey. With a general view of the Geology of the United States, 
Essays on the Coal Formation and its Fossils, and a description 
of the Coal Fields of North America and Great Britain. By 
Hbnbi DiKwtTf RouERs, Late State Geolog^iet of Pennsylvania. 
Splendidly illustrated with Plates and Engraving.s in the Test 

It certdinlj should be in every public library baron^boat tbe CDnntry, and 
likevriae in tlie posscmion of ilII students uf Oeology. After the final sale of 
these copips, the work will, of course, become more valuable. 

The work for the last five yeara baa been entirely out of the ninrket, bnt a 
few copies that remained in the huids of Prof. Rogers, in Scotland, at the 
time of hU dcuth, are now offered tfl the public, at a price whioh is eren 
tieloff what it was originally sold tor when first published. 



Elliot's European Light-Houses. 

SI Engravings and 21 Wood-cula. Bvo. Cloth. $5.00. 

ETJEOPEAN LIGHT-nOUSE SYSTEMS. Being a Report of 
a. Tour of InEpection made in 1873. By Mujor Georhe H. 
Elliot, Corps of Engineers, U.S.A., member and Engineer 
Secretary of the Liglit-houBO Board. 



Sweet's Report on Coal. 

8vo. Cloth. {3.00. 

SPECIAL REPORT ON COAL ; showing its Distribution, Olasri- 

fication, and Cost delivered over different routes to various points 

in the State of New York, and the principal cities on the Atlantic 

Coast. By S. H. 8wbm. With mapi. 



Colburn's Gas Works of London. 

13mo. Boards. 60 oenta. 
GAS WOItKS OF LONDON. By Zebih Colbbm. 
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The tTseful Metals and their Alloys ; 
ScofFren, Truran. and others. 

Fifth Edition. 
8yo. Haltonlf. f3.7.5. 
THE USEFUL METALS AND THEIR ALLOTS, inclnding 
MINING VENTILATION. MINING JUEISPItUDENCE 
AND METALLUEGIC CHEMISTRY employed in the convert 
6ion of IRON. COPPER, TIN. ZINC, ANTIMONY, AND 
LEAD ORES, with their applications to THE INDUSTRLAL 
ARTS. Bj John Scx)FFaEir, William Tucbah, Wiluam Cl«, 
RoBKHT OxLAKD, WiLLiAM Faikbairh, W. 0. AiTiiw, and Wur- 
uAii VosB Pickett. 



Collins' ITseful Alloys. 

ISmo. Flexible. TS oenta. 
THE PEITATE BOOK OF USEFUL ALLOYS and Memo- 
randa fur Goldanliths, Jewellera, etc. By Jakes E. Collhts 

This little book is oonipiled from notes marie by the Author from tihs 
papen uf one of tha lurgeat und moat eminent Utmufooturing Ooldnultlis and 
Jewallers in this hiudIc;. nnd as the firm is now no longer in existenoe. and tha 
Author is at pr^bCut eoga^d in gome other undertaking, hf> now offers to ths 
public the b«neiit of hiH pxperienco. und in so doing he Wgs to state that all 
tha alloys, ete.. given in these pages may be oonfidently relied on aa beinj 
thoroughly prBctiuable. 

The Uemoraniia and Receipts throtighout this book are alaa cnmpjlDd 
from pnutioe, and will no doabC be found useful to the pruotioal jewellar. 
—^\:rUy. Jvljl. IfiTI. 

Joynsons Metals Used in Construction. 

12mo. Cloth. 75 cents. 

THE METALS USED IN CONSTRUCTION: Iron, Steel, 
Btissemer Metal, etc., etc. By FaAncis Hebsbbi iaTitsos. H- 
lustmted. 

" In the intoresta of practical science, we ara bound to notice this ■wurk; 
and to those who wish further iufonnation. wa should say, buy it : and tha 
uuthiy, ire honestly baliere, wilt be uooiiidcred welt s^nt." — Seiei^fic 
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Prescott's Proximate Organic 
Analysis. 

12mo, Cloth. $1.75. 
OUTLINES OP PROXIMATE OEGANIO ANALYSIS 
for the Identifi cation. Separation, and QuantitatiTe Deter- 
mination of tlie moro commonly occurring Organic Com- 
pounds, By Albert B. Presoott, Professor of Organic 
and Applied Chemistry in the University of Michigan. 



Prescott's Alcoholic Liquors. 

lamo. Cloth. $1.50, 
CHEMICAL EXAMINATION OP ALCOHOLIC LI- 
QUORS. A Manual of the Constituents of the Distilled 
Sphits and Fermented Liquors of Commerce, and their 
Qualitiitivo and Quantitative Determinations. By Albert 
B. PitEBCOTT, Professor o£ Organic and Applied Chemistry 
in the University of Michigan, 



Greene's Bridge Trusses. 

Evo. Illustrated. Cloth. $2.00. 
OEAPHICAL METHOD FOE THE ANALYSIS OP 
BEIDGE TRUSSES, extended to Continuous Girders 
and Draw Spans, By Charles E. Greene, A.M., Pro- 
fessor of Civil Engineering, University of Michigan. Illus- 
trated by three folding plates. 

Butler's Projectiles and Bifled 
Cannon. 

4to. aaPktea. Cloth. $7.50. 
PROJECTILES AND RIFLED CANNON. ■ A Critical 
Discussion of the Principal Systems of Rifling and Projec- 
tiles, with Practical Suggestions for their Improvement, as 
embraced in a Report to the Chief of Ordnance, U.S.A. By 
Capt. JoiiN S, BuTLEK, Ordnance Cordis, U.S.A. 
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Peirce*s Axxalytic Mechanics. 

4to. CLath. tlO.OO. I 

SYSTEM OF ANALYTIC MECHANICS. By BesjAKnr f 
PtiKCE, Perkins Froleesor of Aetj-onomy uid Matlienuitios m , 
Harvard ITiiivcrBily, and ConBtiUiDg Astronomer of the ' 
American Ephemeris and Nautical Almanac ; 

" I hsTe To-vxaniined the memoin of the ^r^ot georoeten, nnd hsre itriiKM ' 
to CDiualidato their Utert rexHTches tuid their most exalted forma of thaagtik 
Into > ooaaistent and uoiform trestiae. If I Iults hereby sacceeded in opBi- 
iny to the ■tndenta of my Pountry » readier aCMM to these choice jevela •( I 
tntetlect : if their brillianaj ia not impaired in this attempt to re»et then : M, ' 
in their own conitellstion, thcj illustnite each other, and coaoentnte 
k stronger tight upon the names of their disoorerers , and, s^ more, if aaj 
gem which I may hare presumed to add ia Dot wholly loBtreleas in the oo])e»- T 
tion, I ihall feel that my work hai not been in ■raia."—Kctract from CAc A»-.(] 
/<««■ ' 

Buit's Key to Solar Compass. 

Second Edition. 

Pocket Book Form. Tnck. %%m. 

KEY TO THE SOLAR COMPASS, and Surveyor's Companion ; 
GompriBing all the Rules necessary for use in the field ; alsOi 
DoBcriptioii of the LineBr Surveys and Public Land Systsm ()£ ' 
tlie United ijtat^s, Notes on the Barometor, Suggestions for oil 
outfit for a Survey of four months, etc., etc., etc. By W. A. 
Bdki, U. S. Depu^ Surveyor. Second edition. 



Chauvenet^s Lunar Distances. 

8vo. Cloth. $3.00. 

NEW METHOD OE CORRECTINO LUNAR DIST.VNOES, 
and Improved Method of Finding tlie Error and Rate of a Chro- 
nometer, by equal altitudes. By Wn. Chautebct, LL.D., Chan- 
cellor of Waaliingtoa University of St. LouLs. 
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Jefiers' Nautical Surveying. 



KATJTICAL SUIiyEYING. By Wiluak N. Jeffbb*, Captain 
U. 8. Navy. 

Many books have been written on each of tho Bnbjeota treated of in tli« 
nxtoen ohapterB of this work; and, to obtain a complete kacrvlodge of 
geodetic surveying requirea a profound study of the whole raaga of mathe- 
matical and phydiLiiil HcioQDes; but a yetir of preparation should render any 
inteUiji^nt offiuer competent to conduct a nautioul survey. 

Contents. — Chapter I. FonnuliB aud Constants Useful in Sarreyinjf 
n. Distinctive Character of Surveys. Ill, Hydrographio Surveying under 
Sail ; or, Running- Survey. IT. Hydri^raphic Surveying of Boats; or, Ilar- 
bor Survey. V. Tides— Defioitiou of Tidal riienomena— Tidal Observationa. 
VI. Measurement pf Eaaes — Appropriate and Direct. VII. Measurement of 
ihe Angles of Triangles — Azimuths — Astronomical Bearings. VIII. Correo- 
tiona to be Applied to the Observed Angles. IX. Levelling— Difference of 
Level. X. Computation of the Sides of the Triangulfition— The Throe-pomt 
Problem. XI. Determination of the Geodetic Latitudes, Longitudes, and 
Azimuths, of Points of a Triangulation. Xlt. Summary of Subjects treated 
of in preceding Chapters — Examples of Computation by various Formulas. 
XIIL Projection of Charts and Plans. XIV. Astronomical Determinatim of 
Latitude and Longitude. XV. Magnetic ObservatiDna. XVI. Deep Sea 
Soundings. XVIL Tables for AaoeTtaining- Distances at Sea, and a. full 

List of Plates. 
Plate L Diagram IlluBtrative of the Triangulatitin. II. Specimen Page 
of Field Boole 111. Rnuniug Survey of E Coast. IV. Example of a Eunuing 
Survey from Belcher. V. Flying Survey of an Island. VI. Survey of a 
Bhool. VIL Bout Survey of a Rivor. VIIL Three-Point Problom. IX. 
Tritugnlation. 



Coffin's Navigation. 

Fifth Edition. 

13roo. aoth. t3..50. 
NAVIGATION AND NAUTICAL A8TH0N0MT. Prepared 

for the use of the V. 8. Natal Academy. By J. H. C. Ooppin, 
Prof- of Astronomy, Navigation and Surveying, with 52 wood- 
cut illuBtration^ 
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Clark's Theoretical NavigatioiL 

8to. Cloth. $3.00. 

THEORETICAL NAVIGATION AND NAUTICAL ASTRON- 
OMY. By Lewis Clark, Liout. -Commander, U. S. Navy. Il- 
lustrated with 41 Wood-cut8, including the Vernier. 

Prepared for Use at the U. S. Naval Academy. 



The Plane Table. 

Bliutrated. 8yo. Cloth. $2.00. 

ITS USES IN TOPOGRAPHICAL SURVEYING. From the 
Papers of the U. S. Coast Survey. 

This work gives a description of the Plane Table employed at the U. S. 
Coast Survey Office, and the manner of using it. 



Pook on Shipbuilding. 

8yo. Cloth. $5.00. 

METHOD OF COMPARING THE LINES AND DRAUGHT- 
ING VESSELS PROPELLED BY SAIL OR STEAM, in- 
cluding a Chapter on Laying off on the Mould-Loft Floor. By 
Samuel M. Pook, Naval Constructor. 1 vol., Svo. With illus- 
trations. Cloth. $5.00. 



Brunnow's Spherical Astronomy. 

Syo. Cloth. $6.50. 

'^HERICAL ASTRONOMY. By F. Betonow, Ph. Dr. Trans- 
^ted by the Author from the Second German, edition. 
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Van Buren's Formulas. 

8yo. Cloth. $2.00. 
INVESTIGATIONS OF F0EMXILA8, for the Strength of tha 
Iron Parts of Steam Machinery. By J. D. Yah Bttken, Jr., 0. E. 
Illustrated. 

This is aa analytiaal disoDsaion of the fonaiiliB empIoTed by tnechimical 
engineers In determining the rnpCnriiig nr crippling presanre in the different 
pEirts of a inaobine. The formuhe arc founded upon the principle, that the 
dilferent paria of a machine should be equnlly titrong, nnd ore di^veloped in 
reference to the ultimate strtngth of the maferinl in order to leave the choioa 
of a fkotoT of safety to the judgment of the deaignar. —Billiman'i Journal. 



Joynson on Machine Gearing. 

8yo. Cloth. ?-3.CKl, 
XHE MECHANIC'S AND STUDENT'S GUIDE ia the Design- 
ing and Construction of General Machiao Gearing', as Eoceatrics, 
Screws, Toothed Wheels, etc., and the Drawing of Eectilineal 
and Curved Surfaces ; with Practical Ilulea and Details. Edited 
by Fnuicis Herbbst JorsBOiT. Illustrated with 18 folded 
plates. 

" The aim of this work ia to be B guide to mechanics in the deBignin^ txtA 
oonBtructiiin of general mnchiae-gearing. Tbi» design it veil fulfils, being 
plainly and sensibly written, and profusely illuatmted." — ^Uadan Timet. 



Barnard's Report, Paris Exposition, 
1867. 

niuatrated. 8vo. Cloth. |5.00. 

KEPOHT ON MACHINERY AND PROCESSES ON THE 

INDUSTRIAL ARTS AND APPARATUS OF THE EXACT 

SCIENCES. By F. A. P. BiBHABu, LL.D.— Paris Univeraal 

Eiposition, 1867. 

" We have in this Tolume the reBulU' ^s^aruord'a study of the Forin 
EipoMition of 1867, in the form of ai 

ia ths nuHt eihaustive treiitiao upon ^ ^7^' ^^'^^ ^"^ appeared 

ainoe the Univunul Exhibition oi lUOIr I '({ylhin^ equiU U. 

has appeared this century." — Jiiurar/f . 
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Engineering Facts and Figures. 

18mn. Cloth. fa.SO i«r Volume. 

AS ANNnAL EEOISTEE OF PKOGEESS IN MECHAl 
CAL ENOINEEKINO AN0 CONSTRUCTION, for the Yen 
1S63-64-C.5-6C-67-G8, Fully aiuBtrated. TolumeB. 
Ekcli volume sold leporatolj. 



Beckwith's Pottery, 

Svo. Paper. CD eoats. 

OBSERVATIONS ON THK MATERIALS and Maniifftoture i 
Teira-Cotta, Stone-Ware, Firo-Brick, Poraelain and EnoausH 
Tiles, with Remarks oa tho Products exhibited at the Loa4t 
InternationaJ Exhibitioa, 1871. By Arthuk Bzckttiih, ( 

" Ererjrthin^ io noticed ia this book irhiDh oomea under the h«i 
tery, from fine poccolain to ordinarj brick, and aside froia tlie mtereat wUi 
all take in sach monnfacture^, the work trill be of considerable taIuo \ 
followera of the cenunio urt." — Ecenin^ Mail. 



Dodd's Dictionary of Manufactures, et 

13mo. Cloth. t3.00. 

DICnONART OF MANUFACTURES, MINING, MAOl 
ERY, AND THE INDUSTRIAL ARTS. By Gbokob Dai 

This work, a email book on a great Bubjeot, treats, in alphabeticBl i| 
nmgoment, of thoae numerous motters which come gBOenilly within tho n 
of manufactures and tbe produative arts. Ttie raw materials — ivniinal, y> 
table, and mineral — whence the manufactured products are derived, a 
oinctly noticed in connection with the prooeaaea which they undergo, hut ^ 
u subjects of natural history. The operations of the Mine and the i" ' 
Foundry and the Forge, the Factory and the Workshop, are passed m 
view. The principal machines and engines, tools and apparatus, oonw 
mannfscturing processes, are brieay described. Tho BOalo on which oi 
branches of national industry are conducted, in regurd to values mid qnantti 
is indicated in rarions ways. 
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Stuart's Civil and Military Engineer- 
ing of America. 

8vo. lUustroted. Cloth. $5.00. 

THE CITIL AND MILITAItY ENGINEERS OF AMERICA. 

By General Chikles B. Stitaet, Author of "Naval Dry Docks 
of tlie United States," etc., etc. Embellished with nine finely 
executed portraits on steel of eminent engineers, and illustrated 
by engravinga of some of the most important and original worka 
constructed in America. 

CSantamiDg- Bketfbea of the Life and "WorkB of Uajor Andrew Slliooit, 
Jftmea Qeddes (with Portrait^ BRnjumiii Wrig-ht (with Portrait], Canvasa 
■WMto (with Portrait), Dfivid Stanhope Bates, Nathan S. Roberta, GHdley 
BrTintlwith Portrait), GeneralJnseph G. Swift, Jesse L. Williams [with 
PDrirait;, Colonel "William McRee, Samuel H. KneaBa, Captain John Childe 
with. Portrait , Frederick Hurbach, Major David Batea Douglas (with Por- 
trwt), Jonathan Kn^ht, Denjanun H. latrohe (with Portmit), Colonel Char- 
lea Ellat, Jr. ,with Portrait), Smnnol Forrer, William Stuart Wutson. Juhn 



Alexander's Dictionary of "Weights 
and Measures. 

8to. Cloth. t3.50. 
UNIVERSAL DICTIONART OF WEIGHTS AND MEAS- 
URES, Ancient and Modern, reduced to the standarda of the 
United States of Amarioa. By J. H. Alesandeh. New edition. 
lyol. 

" Ab b, atandanl work of referenue, thia book should ba in every library ; it 
1« one which we have long wanted, and it will aiTe much trouble and re- 
■earoh." — Scientijle Anteriean. 



Blake's Ceramio Art. 

Bvo. Cloth. $3.00. 

A REPORT ON POTTERY, PORCELAIN, TILES, TERRA- 
COTTA, AND BRICK. By William P. Blake, United 
Statca Commiasioner Internal E.vhibition at Vienna, 1973. 
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Saeltzer's Acoustics. 

12mo. Cloth. $2.00. 

TREATISE ON ACOUSTICS in Connection with Ventilation. 
"With a new theory based on an important discovery, of facilitate 
ing clear and intelligible sound in any building. By Alexandeu 
Saeltzer. 

" A practical and very Bound treatise on a subject of gn^eat importance to 
architects, and one to which there has hitherto been entirly too little attention 
paid. The author's theory is, that, by bestowing^ proper care upon the point 
of Acoustics, the roquisite Tentilation will be obtained, and vice versa, — 
Brooklyn Union, 



Myer's Manual of Signals. 

yew Edition, EnlargetL 

12mo. 48 Plates full Koan. $13.00. 

MANUAL OF SIGNALS, for the Use of Signal Officers in the 
Field, and for Military and Naval Students, Military Schools, 
etc. A now edition, enlarged and illustrated. By Brig.-Gen. 
Albert J. Mtev, Chief Signal Officer of the Army, Colonel of 
the Signal Corps during the War of the Bebellion. 



Larrabee's Secret Letter and 
Telegraph Code. 

18mo. Cloth. $1.00. 

CIPHER AND SECRET LETTER AND TELEGRAPHIC 
CODE, with Hogg's Improvements. The most perfect secret 
Code ever invented or discovered. Impossible to read without 
the Key. Invaluable for Secret, Military, Naval, and Diplo- 
matic Service, as well as for Brokers, Bankers, and Merchants. 
By C. S. Labbabee, the original inventor of the scheme. 



J 
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Rice & Johnson's Differential Func- 
tions. 

12ino. Cloth. 
ON A NEW METHOD OK OBTAINIKG THE DIFFER- 
ENTIALS OF FUNCTIONS, wilh CBpecial reference to the 
Newtonian Conception of Rat*s or Velocities. By J. Minot 
EiCE, Prof, of MalhcmaticB in the U. 8. Nayy, and W. Wool 
SEY JoHKSOH, Prof. of Mathematics in St. John's College, 
Annapolis. 

Pickert and Metcalfs Art of Graining. 

1 rol. 4to. Cloth. $10.00. 

THE ART OF GRAINING. How Acquired and How Rroduced, 

■with description of colors and their application. By Cii.vBLKa 
Pickert and AiiRiHAM Meicalf. Beautifully illustratod with 42 
tinted plates of the various woods used in interior fiiUGhing. 
Tinted paper. 

ThG authors prtMBnt here the reeolt of long eiperienoa in tlio practice of 
t})is decoratire art, and feel cnnfidimt that thef horeby offer to theic brother 
krtiBaiis a. reliable guide to improTenuiot in the preutioa of gT^iiiii(;. 



Porter's Steam-Engine Indicator. 

Third Edition. Eeviaed und Enlarged. 8to. lilustralcd. Cloth. fa.SO. 

A TKEATISE ON THE RICHARDS STEAM-ENGINE 
INDICATOR, and tlie Development and Application of Force 
in the Steam-Engine. By CHAHLEa T. Pohteb. 



One Law in Nature. 

]3mo. Cloth. *I.BO. 

ONE LAW IN NATURE. By Capt. H. M. L\zklik, U. 8. A. 

A New Corpuscular Theory, oomi««lionding Unity of Force, 

Identity of Matter, and its Multiple Atom Constitution, ajiplied 

to the Physical AJIbutions or Modmi of Energy. 
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Ernst's Manual of Military En- 
gineering. 

193 Wood Cat! u>d 8 Lillio^npLed Plults. 12mD. Cloth. fS.OO. 
A MANUAL OF PRACTICAL MILITARY ENGINEEE- 1 
IKG. Prepared for the use of tbe Cadets of the U. S. MiUtary *j 
Academy, and for Engineer Troops. By CuptO. II. Erhst, I 
Corps of Engineers, Instructor in Practical Military Engl- I 
neering, U. S. Military Academy. 



Cliurcli's Metallurgical Journey. 

34 lUiutnttioDE. e*o. Clotli. 93.00. 
NOTES OP A METALLURGICAL JOURNEY DTJ 
EUROPE. By John A. Chuech, Engineer of Mines. 



Blake's Precious Metals. 

Sto. aolh. 13.00. 
REPORT UPON THE PRECIOUS METALS : Being Statisti- • 

cal Notices of the principal Gold and Silver producing regioniij 
of the World. Represented at the Paris Universal Expoai-'i 
tion. By William P. Blake, Commissioner from the State J 

of Califoruia. 



Clevenger's Surveying. 

DIoBtr&ted Pocket Form. Morocco Oilt, (3.00. 
A TREATISE ON THE METHOD OF GOVERNMENT 1 
SURVEYING, as prescribed by the United States Congress. \ 
and Commissioner of the General Land Office. With com' 
plete Mathematical, Astronomical and Practical Instrncticns, I 
for the use of the United States Surveyors in the Field, and J 
Students who contemplate engaging in the business of Publio J 
Land Surveying. By S. R, Cletehoeb, U. S, Deputy Sur- 1 
yeyor. 

" Tlie repntBtlon of tlie aathor m > anTVejoi pi&i«iit«ei an e 
trcKtiae on tliis lubject." — DakoUi RigiUer. 
" garvefon bkve long needed ft teit-book at tkls deicrlptlan.— TAaf 
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Bow on Bracing. 

156 niustrations on Stone. Svo. Cloth. $1.50. 

A TREATISE OX BRACING, with its application to Bridges 
and other Structures of Wood or Iron. By Robert IIexry 
Bow, C. E. 



Howard's Earthwork Mensuration. 

8vo. Illustrated. Cloth. |1.50. 

EARTHWORK MENSURATION ON THE BASIS* OF 
THE PRISMOIDAL FORM UhM. Containing simple and 
labor-saving method of obtaining Prismoidal Contents direct- 
ly from End Areas. Illustrated by Examples, and accom- 
panied by Plain Rules for practical uses. By Conway R. 
HowAED, Civil Engineer, Richmond, Va. 



'* Major Howard has given in this book a simple, yet perfectly accnrate 
method of ascertaining the soUd contents of any prismoid. The calculation 
trom. end areas is corrected by tables weU arranged and few in number ; and he 
has aU the accuracy of the prismoidal formulas with scarcely more trouble than 
in averaging end areas. 

H. D. WHITCOMB, 

CU^EngiMer Chesap6dk€ and Ohio B. B. 

E. T. D. MYERS, 

Chief Engineer Bichmand, Frtdericktburg, and Potomaa B. B,^ 



Mowbray's Tri-Nitro-Glycerine. 

8vo. Cloth. Illustrated. |3.00. 

TRI-NITRO-GLYCERINE, as applied in the Hoosac Tunnel, 
and to Submarine Blasting, Torpedoes, Quarrying, etc. Being 
the result of six years' observation and practice during the 
manufacture of five hundred thousand pounds of this explo- 
sive, Mica Blasting Powder, Dynamites ; with an account of 
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the various Systems of Blasting by Electricity, Priming Com- 
pounds, Explosives, etc., etc By George M. Mowbrat, 
Operative Chemist, with thirteen illustrations, tables, and 
apix^ndiz. Third Edition. Be-written. 



Wanklyn's Milk Analysis. 

12mo. Cloth. 11.00. 

MILK ANALYSIS. A Practical Treatise on the Examination 
of Milk, and its Derivatives, Cream, Butter and Cheese. By 
J. Alfred Wanklyx, M. R. C. S, 



Toner's Dictionary of Elevations, 

8yo. Paper, |3.00. Cloth, |8.75. 

DICTIONARY OF ELEVATIONS AND CLIMATIC REG- 
ISTER OF THE UNITED STATES. Containing, in addi- 
tion to Elevations, the Latitude, Mean Annual Temperature, 
and the total Annual Rain Fall of many localities; with a 
brief Introduction on the Orographic and Physical Peculiari- 
ties of North America. By J. M. Toxee, M. D. 



Adams. Sewers and Drains. 

(In Press.) 

SEWERS AND DRAINS FOR POPULOUS DISTRICTS. 
Embracing Rules and Formulas for the dimensions and con- 
struction of works of Sanitary Engineers. By Julius W. 
Adams, Chief Engineer of the Board of City Works, Brooklyn, 



SILVER MINING REGIONS OF COLOR.VDO, with some 
account of the different Processes now being introduced for 
working the Gold Ores of that Territory. By J. V, Whitnkt. 
12mo. Paper. 25 cents. 



COLORADO: SCHEDULE OF ORES contributed by sundry 
persons to the Paris Universal Ex^H)sition of l^SGT, M'ith some 
information about the Region and its Resources. By J. P. 
Whitney, Commissioner from the Territory. 8vo. Pajier, with 
Maps. 25 cents. 

THE SILVER DISTRICTS OF NEVADA. With Map. 8vo. 
Paper. 35 cents. 

ARIZONA : ITS RESOURCES AND PROSPECTS. Bv Hon. 
R. C. McCoRMiCK, Secretary of the Territory. With Map. 8vo. 
Paper. 25 cents. 



MONTANA AS IT IS. Being a general description of its Re- 
sources, both Mineral and Agricultural ; including a complete 
description of the face of the country, its climate, etc. Illustrated 
with a Map of the Territory, showing the different Roads and 
the location of the different Mining Districts. To which is 
appended a complete Dictionaiy of The Sxake LANciUAOE, and 
also of the famous Chinnook Jargon, with numerous critical and 
explanatory Notes. By Geanville Stuakt. 8vo. Paper. $2.00. 



RAILWAY GAUGES. A Review of the Theory of Narrow 
Gauges as applied to Main Trunk Linos of Railway. By Silas 
Seymoub, Genl. Consulting Engineer. 8vo. Paper. 50 cents. 



REPORT made to the President and Executive Board of the 
Texas Pacific Railroad. By Gen. G. P. Buell, Chief Engineer. 
8yo. Paper. 75 cents. 



SCIENCE SERIES PUSLISBED SY 



Van Nostrand's Science Series. 



It 1« the iDtpnlioD of tlie PnbHalier of tliie Seriea to Usne llieni si intpr- 
vaU or nbout a mnnth. Tliejr will be pal up Id t, nultorni.Deat and attra«> 
tiro romi, tgino, fancy boerda. Tbe iuI'j'mib will b« of an eniinentlj 
■citintific churaclrr, and embrBce as wide ft raoge of topSca ob poaaible, all 
of Lhe LigUeet cbaracter. 

PriM, &0 Catkta EMh, 

1. 

CHIMNEYS FOR FURNACES, FIRE-PLACES. AND 

STEAM BOILEES. By K. Aeustboko, C. E. 

s. 

STEAM BOILER EXPLOSIONS. By Zehah Colburs. 

0. 

PRACTICAL DESIGNING OF RETAINING WALLS 
By Akthdr Jacob, A. B, Witli Illustrationa. 
4. 

PROPORTIONS OF PINS USED IN BRIDGES. By 
CuAKLES E. Bendeb, 0. E. With lUnstrationa. 
s. 
VENTILATION OF BUILDINGS. By W. F. Butler. With 
lUiistrations. 

e. 
ON THE DESIONTNG AND CONSTRUCTION OF STOR- 
AGE RESERVOIRS. By Arthdb Jacob. With Illustia- 
tioDa. 

7. 

EURCnARGED AND DIFFERENT FORMS OF RETAIN- 

ING WALLS. By James S. Tate, C. E. 

a, 

A TREATISE ON THE COMPOUND ENGINE. By Jom 

TOHNBIJLL, With Illustrationa, 

o. 

FUEL. By C. William SreiiESs, to which is appended tha value 
of ARTIFICIAL FUELS AS C0MPAEE1> WITH COAL. 
By John Wobhald, C. E. 

10. 
COMPOUND ENGINES. Translated from the French of 
A. Mallet. Illnstratctl. . 
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